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INTRODUCTION AND HISTORICAL OVERVIEW 

Since the Califomia Department ofFish and Game pub
lished CaUfomia Ocean Fisheries Resources to the Year I960 
(1961) and Califomia's Uving Marine Resources and Their 
i'tilization{l91\), majorchanges have occuned in Califomia's 
marine resources and their management. Fisheries landings 
peaked in 1976 at 900,967,215 pounds, but declined to 
371,457,722 pounds by 1991. Tropical tunas, which dominated 
landings, are seldom landedfor canrung in Califomia. A red sea 
urchin fishery started arui now it is the state's leading value 
fishery. Significant fisheries developed for widow rockfish, 
hake and herring. Specialized new fisheries and aquaculture 
enterprises have begun 

Resource maiugement changed significantly with Con
gress' establishment of Regional Fisheries Management Coun
cils in 1976 having jurisdiction nationwide over fisheries 
resources beyond three miles from the coast. Public concem 
with the environmental effects of increased pressures on marine 
resources has grown tremendously. Legislation concenung 
marine mammals, coastal and offshore development, pollution, 
and endangered species strongly affects marine resource man
agement today. These changes suggest that this re\iscd book is 
needed and perhaps overdue. 

In the two decades preceding 1971, California's tuna 
canning industry had recovered firom a post-World War EI 
slump brought on by competition from imports lobecome one of 
the largest, most profitable fisheries in the world. By 1971, a 
modem fishing fleet of purse seiners based in San Diego and 
San Pedro fished throughout the eastem Pacific Ocean and was 
beginning to e.xpand onto new fishing grounds in the western 
Pacific and Atlantic Oceans. Tropical tunas landed at 
Califomia's canneries comprised almost half of the state's 
marine fish landings. During the early 1980's, Califomia's mna 
industi>' faced rising domestic labor costs, ageing processing 
fadlities, more stringent waste discharge regulation, and in
creased competition from abroad By 1985 the industry left 
Califomia in favor of facilities located in American Samoa and 
Puerto Rico, dropping Califomia tuna landings to about 53 
million pounds annually. 

Japan's economic growth during the 1970's and 1980's 
fueled a growing demand for fishery products from throughout 
the world and opened a lucrative market for species which had 
been largely ignored until then by Califoniia fishermen. Start
ing with landings of less thain 77,000 pounds in 1972, 
Califomia's fishery for red sea urchins, whose gonads are 
carefully extracted in Califomia plants for export to Japan, grew 
to become Cal ifomia's most valuable fishery, harvesting over 51 
million pounds worth over $21 milhon to fishermen in 1989. 

Califomia's market fishermen ranged along the coast of 
Baja Califomia to capture white seabass, yellowtail and other 
species for Califomia's fresh fish markets as they had done since 
the close of World War II. In an attempt to develop its own 
fishing industry, Me.xico began limiting Califomia maritci 
fishermen's access to Me.xican territorial waters in the early IT'fs 
and by 1975 had totally excluded all American fishing vessels 

The number of participants in recreational fishing, w hn;h 
had grown substantially throughout the decades ofthe I'J Si's 

and 1960's, was relatively static in the 1970's and 1980's. The 
number of active commercial passenger fishing vessels (open 
partyboats) declined from 467 in 1970 to 308 in 1989, and the 
number of sportfishing licenses remained static despite a sub
stantial increase in Califomia's population. 

Originally prepared for the Califomia legislature, 
Califomia's Living Marine Resources and Their Utilization 
proved to be one ofthe most valuable general reference works 
available on Califomia's economically important marine spe
cies. Over the years it has been widely used by fisheries 
researchers and mana^rs, policymakers, enforcement officers, 
the fishing industry, and educators. Increased concem about 
marine environmental issues suggests a broadening need for 
the information in this book A primary purpose ofthe book is 
to provide a baseline of infonnation for all concemed with 
living marine resource management in Califomia. 

We have retained the style and format ofthe 1971 edition. 
Many of the conventions of scientific writing are foregone 
because we feel this style better serves the broad interests ofthe 
readers of this book. Following each section, there is a short list 
of references. These are not necessarily the references which 
were consulted or cited in the preparation of each section, but 
are general references for further reading. We have updated the 
landings statistics with graphs in appropriate chapters. Detailed 
fish and shellfish landings statistics are found in appendices. 
Readers ofthe 1971 edition will quickly notice the increased 
knowledge available today about Califomia's marine resources. 

We were fortunate to be able to recmit the top experts from 
agencies, universities and private industry to write the sections 
on each species. Each chapter was peer reviewed The author's 
name and affiliation apj>ear at the end ofthe section they wrote. 
We want to thank the more than 200 authors and rcNiewers who 
enthusiastically volunteered their time and expertise. The 
strong support of Califomia Department of Fish and Game 
Director Pete Bontadelli, National Marine Fisheries Service 
Southwest Region Director E.C. "Charlie" Fullerton, and 
NTvIFS Southwest Fisheries Center Director Izadore Barrett 
was vital to the project. Rob Collins provided commercial and 
recreational fisheries landing data. Jill Frommelt prepared the 
manuscript for publication and Leon Davies provided editorial 
assistance. Sus Kato provided enthusiastic support as the 
project monitor. 

This project was supported primarily by the National 
Marine Fisheries Service Saltonstall-Kennedy Program, giant 
number NA90AA-H-SK124. Additional support was supplied 
by the National Sea Grant College Program, National Oceanic 
and Atmospheric Administration, U. S. Department of Com
merce, under grant numberNA89AA-D-SG138. project num
ber A/EA-1 through the Califomia Sea Grant College, and in 
pan by the Califomia State Resources Agency. 

Christopher M. Dewees 

Williams Leet 

Robson \ Collins 
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MARINE PLANT RESOURCES 

GIANT KELP 

History of the Harvest 
\ ^ o u s species of kelp have been used for hundreds of 

years in many parts of the world as food for humans and 
animals. Kelp has also been used for many years in Asia and 
Europe as a fertilizer and as a component of gunpowder. 

Giant kelp (Macrocystis pyrifera) was first harvested 
along the Califomia coast during the early 1900's. Many 
harvesting companies operated from San Diego to Santa Bar
bara begiiming in 1911; one large company, the Hercules 
Powder Company, operated from San Diego beginning in 1915. 
These companies primarily extracted potash and acetone from 
kelp for use in manufacturing explosives during World War I. In 
the early 1920's, kelp harvesting virtually stopped 

In the late 1920's, giant kelp was again harvested off 
Califomia. Philip R Park, Inc., of San Pedro began hanesting 
the kelp in 1928 to provide ingredients for livestock and poultry 
food. The Kelco Company of San Diego (now a Division of 
Merck & Co., Inc.) began harvesting and processing giant kelp 
in 1929 to e.vtract algin. A unique natural compound, algin is 
found in the cell walls of kelp. It is valuable as an efficient 
thickening, stabilizing, suspending, and gelling agent Algin is 
used in a wide range of food and industrial applications 
including desserts, gels, milk shake mi.xes, dairy products, and 
canned foods. It is also used in salad dressings to emulsify- and 

I stabilize the.m, in bakery produrts to improve texture and retain 
moisture, in frozen foods to assure smooth texture and uniform 
thawing, and in beerto stabilize the foam. In industrial applica
tions, it is used for paper coating and sizing, textile printing, 
and welding-rod coatings. In pharmaceutical and cosmetic 
applications, it is used in tableting, dental impression com
pounds, antacid formulations, and facial aeams and lotions. 

Giant kelp also has other commercial uses. It is harvested in 
Califomia to supply food to several aquaculture companies for 
learing abalones. It is also used for the herring-roe-on-kelp fisheiy 
in San Francisco Bay. 

Today, giant kelp is harvested between Imperial Beach, near 
the U.S.-Me.xico border, and Monterey Bay, Califomia It isone of 
Califomia's most valuable living maiine resources and in the mid-
1980 s siq^ported an industry valued at more than S40 miUion a 
year. Theannual harvest has variedfiom a high of 395,000 tons in 
1918toalowofless than 1,000 tons in the late 1920's. During the 
10-year period 1970 to 1979, the harvest averaged neariy 157,000 
tons, while during 1980 to 1989 the average harvest was only 
80.400 tons. The harvest was low in the 1980's because the kelp 
forests were devastated by the 1982-1984 El Niî o and the accom
panying storms, and by the "200 year storm" that occurred in 
Januaiy, 1988. In most areas, the beds of giant kelp recovered 
quickh'. Harvests increased to more than 130,000 tons in 1989 and 
to more than 150,000 tons in 1990. 

The Kelco Company harvests giant kelp with specially 
designed vessels that range in length from 140 to 180 feet. The 

Califomia kelp harvest, 1916-1969. 
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California kelp harvest, 1970-1991. 

cutting mechanism and system to convey the kelp into the 
harvester bin are located on the stem. A propeller on the bow 
slowly pushes the harvester stem-first through the kel p bed and 
the reciprocating blades mounted at the base ofthe conv evor are 
lowered to a depth of three feet into the kelp as harvesting 
begins. The cut kelp is gathered on the conveyor and deposited 
in the bin. These vessels can each collect up to 600 tons of kelp 
in one day. 

Other methods of han-esting are used throughout the state to 
suit the harvesters' purposes and needs. Forexample, the Paofic 
Kelp Company harvests giant kelp off central California with a 
modified U. S. Navy landing craft, the cutting device and conv cv or 
SV stem being mounted on the bow. This vessel holds approxi
mately 25 tons of kelp. In the herring-roe-on-kelp fishers, kelp 
is harvested by hand from small skiffs or other small boats and 
then transported by truck north to San Francisco Bay 

Since 1917, kelp harvesting has l>een managed bv ihc 
California Department ofFish and Game (CDFG) under rc«u-
l.iiions of the Fish and Game Commission. Allhough the kdp 
surface canopy can be harvested several times each > c.i/ w n WMIX 

MARINE PLANT RESOURCES 
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damage to the kelp bed, regulations state that kelp may be cut no 
deeper than four feet beneath the surface. There are 74 desig
nated kelp beds and each is numbered; a kelp harvesting permit 
is required, and specific beds can be leased for 20 years. No 
more than 25 square miles or 50 percent of the total kelp bed 
area (whichever is greater) can be exclusively leased by a 
company holding a hanesting permit. In addition to leased 
beds, there are "open" beds that can be harvested by any 
company holding a permit. Permit holders also pay an addition
al $1.91 per wet-ton of kelp harvested In 1990, 150,922 wet 
tons were landed throughout the state ofCalifornia, creating 
more than $250,000 in revenues. 

Kelp cutter operating near Sanla Barbara. 

To facilitate harvesting operations, Kelco conducts regu
lar aerial suneys. The information is used to direct harvesting 
vessels to mature areas of kelp canopy. This optimizes the use 
of kelp because the surface canopy can be harvested before 
natural dieback occurs. Modem harvesting techniques do not 
adversely influence the rich fauna associated with kelpbeds. 

Status of Biological Knowledge 

Forests of giant kelp occur in the temperate oceans ofthe 
Nonhem and Southem Hemispheres. These forests are espe
dally well developed along the west coast ofNorth America 
from southem Baja California, Mexico, to San Mateo County. 
They create a unique habitat that provides food, shelter, sub
strate and nursery areas for nearly 8(X) animal spedes. Many of 
the animals and some plants are of importance to sport and 
commercial fisheries. 

Tvpically, giant kelp flourishes in wave-exposed areas of 
nutrient-rich, cool water that is 20 to 120 feet deep. By means ofa 
root-like stnKture called a holdfast, the kelp attaches to rocky 
substrate. Along the proteaed shoreline of Santa Barbara County, 
how ever, giant kelp also grows on sand substrate. Here, it attaches 
to exposed worm tubes or the remains of old holdfasts. Kelp fronds 
originate from the holdfast, and eventually grow to the surface. A 
fipond is composed ofa stem-like stipe and numerous Icaf-likc 
blades. A gas-filled bladder (pneumatocyst) at the base of ihc cnch 
blade helps buoy the frond in the water column. 

INY 
SPOROPHYTE 

JUVENILE 

Giant kelp life cycle. 

Giant kelp absorbs nutrients from the water through all its 
surfaces. Under optimal conditions of high nutnent levels and low 
ocean temperatures (50-60° F), fronds can elongate up to 24 inches 
a day. Fronds can reach a length of more than 150 feet, and large 
plants can have more than 100 fronds. The fronds eventually 
mature, die, and break away (slough) naturally, giving way to 
young fronds. Although giant kelp plants can 1 Ke up to eight years, 
individual fnjnds survive for only about six to rune months, and 
individual blades about four months. 

Giant kelp reproduction involves two very different growth 
forms, the large canopy-fomung sporophyie arxl the microscopic 
gametophyte. Spedalized reproductive blades (sporophylls), lo
cated just above the holdfast on an adult sporophvte, liberate 
trillions of microscopic zoospores each year. The zoospores then 
settle on the bottom and develop into microscopic male and female 
gametophyte plants. Fertilization of the female gametophyte 
produces an embryonic sporopbyte This tiny plant will develop 
into a canopy-forming adult within seven to 14 months if it 
survives competition with other plants and avoids being eaten by 
grazers or being destroyed by undesirable environmental faaois. 

The density and abundance of a kelp canopy varies by 
location, year, and season. In central Califomia. sloughing and 
deterioration occurs in late summer and early fall. Canopies 
virtually disappear during the late fall and winter, w hen storms 
cause frond and plant loss. Canopies usually begin forming 
again in the spring, becoming dense in the summer Off 
southem California, kelp canopies frequcnilv grow throughout 
the year in the mild weather conditions Dense carwpics often 
dc\ clop during the winter, when there arc \inujll> no canopies 
in cenual Califomia. 

MARINE PLAN" =E SOURCES 
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The heal th and survival ofthe kelp forests are influenced by 
a variety of •aaors, including: grazing by fishes, sea urchins, 

^yid crustaceans; plant competition; storms; El Niiio events; 
^Himentation; pollution; and disease. In southem California, 
^ s h e s such as opaleye and halfmoon regularly graze upon kelp. 

Large numbers of these fishes can damage the kelp forests, 
espedally when conditions are unfavorable for kelp growth. 
Purple, white and red sea urchins can create "urchin barrens," 
where kelp and other vegetation have been destroyed and young 
plants are prevented from becoming established Crustaceans, 
such as amphipods, isqxxls and ciahs, can als9 graze and 
damage kelp. , . ^ _ ^ . : : ' . 

Excessive vwBe acfeaJ&oft- sttrnn and surge can break 
kelp fronds and dislodge entire jitenti. Dislodged plants in
crease kelp loss by entangling nearby plants, piilling them from 
their attachment The El Niiio event of 1982-1984 was charac
terized by severe storms and the northward movement of warm, 
nutrient-poor water into California. These conditions devas
tated kelp forests along the entire coast 

Competition for substrate, light and nutrients also influ
ences giant kelp growth and survival. Sedimentation of the 
rocky bottom can retard kelp growth and even bury young 
plants, preventing development and reproduaion. 

Pollution can affea kelpforests in a variety of ways. Industrial 
and domestic wastewater discharges carrying toxins, including 
pestiddes and heavy metals, are released into coastal waters w here 
they can accumulate in the sediments. Such chemicals alter the 
physical and chemical environinent near the discharge and may 
deaease growth and survKal ofthe kelp forests. Thermal outfalls 
from power plants also have localized effects on kelp forests. 

•
;tewater and thermal discharges can increase tuibidity and 
stribute sediments into nearby kelp forests, affecting kelp 

growth and survival. A variety of pathogens are known to affea 
kelp but their broad impacts on kelp forests have not been studied. 
While tumors, galls and lesions have t)een observed on kelp, only 
occasionally have they caused severe damage 

Kelp Restoration 

In the 1950's and 1960's, once-productive kelp forests off 
Point Loma and La Jolla, in San Diego County, and Palos 
Verdes Peninsula (PVP), in Los Angeles County, began to 
deteriorate. This was attributed to biological and physical 
faaors related primarily to human activities. Pollution from 
domestic and industrial wastes contributed to the long-term 
losses of kelp forests by increasing turbidity, altering substrates 
and introducing toxic substances into the nearshore environ
ment. Intensive fishing for sea urchin predators such as 
sheephead and spiny lobster, and for sea urchin competitors 
such as abalone, has altered the sea urchin populations in the 
forest. As a result, sea urchin populations increased in density 
and overgrazed the kelp. 

In 1963, Scripps Instimtion of Oceanography and Kelco 
began a cooperative project to develop techniques to protea and 
restore kelp forests off San Diego. Work involved both sea 
urchin control and kelp transplanting. Kelco continues kelp 
restoration work in San Diego forests today. 

Giant kelp forest. 

Between 1967 and 1980, kelp restoration was conduaed 
along the PVP by the Institute ofMarine Resources and the CDFG. 
This work also confined sea urchin control and kelp transplant
ing. The objective was to establish several small stands of kelp 
w hich w ould provide "seed stock" for new and expanding forests. 
In 1974, the first naturally expanding kelp stand in 20 years was 
observed off PVP. By 1980, when restoration woric was discontin
ued, neariy 600 acres of kelp had become established By 1989, 
aerial surveys revealed over 1,100 acres of kelp off PVP. 

Kelp restoration work has also been conduaed in storm 
damaged areas off Santa Baitiara and Orange Clounties. Shortly 
after the 1982-1984 El Niiio, Kelco began developing techniques 
for restoringthekelpbeds in SantaBaibaraCouniy. In 1987, under 
contraa wilh CDFG, Kelco implemented operations for anchor
ing giant kelp in the sarvly habitat near Santa Baibara Several kelp 
forest nuclei have been established; however, sea urchin grazing 
and deleterious water corvli tions have slowed progress. Loss ofthe 
Orange County kelp forests, from New-port Haibor to San Mateo 
Point, wascaused by heavy rain&U and siltation in 1980,ihe 1982-
1984 El Niiio, and the effects of urchin grazing. Under contraa 
with CDFG, MBC Applied Emirorunental Sdences company 
established kelp forest nucld between Newport Harbor and La
guna Beach. This was done by transplanting adult and juvenile 
giant kelp and controlling sea urchins. Those kelp forests south of 
Laguna Beach recovered naturally after a few years. 

During the last 25 yean, restoration techniques have 
proven useful for rehabilitating and proteaing kelp forests in 
southem Califomia. Improvements in wastewater treatment a 
continued sea urchin fishery and continued kelp restoration 
work should insure that forests of giant kelp prosper. 

^RINE PLAINT RESOURCES SMB-26740 



Status of Population 
During the 1980's, two major events affected kelp beds; the 

1982-1984 El Niiio and a devastating storm. The warm water and 
storms associated with the El Niiio destroyed plants, resulted in 
poor growth, and yielded minimal canopies throughout southem 
and central C^alifomia Effects of the El Niiio have lingered into the 
1990's. The giant kelp forests on sand substrate near Santa 
Baitjara have not yet retumed. Though restoration work is pres
ently being done in this area, recovery is slow. In 1 %7, there were 
approximately 18 square miles ofkelp canopy near Santa Barbara, 
compared to only six square miles in 1989. 

The storm that occuned on Januaiy 18, 1988, produced 
swells exceeding 20 feet in height and destroyed exposed kelp beds 
throughout southem Califbmia overnight In most areas, signifi
cant canopies did not retum until 1989. At San Clemente Island, 
however, plants that had settled following the stonn produced 
harvestable canopy by die end of July, 1988. 

During the last 20 years, the size, distribution and location of 
the kelp canopy throughout Califomia has fluctuated considerably. 
Decreases in canopy area were due to natural and man-induced 
distuibances and increases were due to natural growth arxd restora
tion efforts. During the most recent statewide kelp forest survey, 
conduaed in 1989, a total of 68 square miles of giant kelp was 
charted along the Califomia coast 40 square miles from Point 
Arguello to the Mexican border and 28 square miles from Point 
Arguello to Aflo Nuevo. 

In summary, forests of giant kelp in Califomia must 
continue tobe managed and restored. Giant kelp forests provide 
essential habitat for a diverse assemblage ofmarine fishes and 
invertebrates and their loss would reduce the populations of 
many marine spedes. Kelp forests are also important to sport 
and commercial fishermen, kelp harvesters, recreational 
divers, photographers, sightseers, and for their highly-valued 
aesthetic quality. 

John A. Tarpley 
Califomia Department ofFish and Game 

Dale A. Glantz 
Kelco Division of Merck & Co., Inc. 
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AGAROPHYTES AND 

CARRAGEENOPHYTES 

History 

The term agar is derived from a Malayan word although 
its initial discovery and use are steeped ina Japanese folk legend 
that originated about 1670. A Japanese Emperor and his Royal 
Party were lost in the mountains during a snow storm, and, 
arriving at a small inn, they were ceremoniously treated by the 
innkeeper, who offered them a seaweed-jelly dish with their 
dinner. Maybe the iimkeeper prepared too much jelly or the 
taste was not so palatable, but some jelly was thrown away. It 
froze during the night and crumbled afterwards by thawing and 
draining, leaving a cracked substance of low density. The 
innkeeper took the residue and, to his surprise, found that, by 
boiling it up with more water, the jelly could be remade. Thus, 
a trivial historical incident created the basis for a billion dollar 
seaweed industry. Similarly, carrageenan was originally de
rived from the red alga, Chondrus crispus (Irish Moss), and has 
a 600 year folk history in Ireland that includes milk puddings 
thickened by boiling sweetened milk with the dried alga The 
root word of carrageenan is the Irish carraigeen meaning rock 
moss. Since the 1940's, the best known use of carrageenan has 
been in products such as chocolate milk and ice aeam. The 
Califomia agar industiy was developed initially by Matsuoka in 
1921 wilh U.S. patents for the extraction and processing. 
Horace Selby (the founder of American Agar & Chemical) and 
C.K Tseng added additional information and refined methods 
prior to and during Worid War II, when agar was not available 
from Japan. The German microbiologist. Dr. Robert Koch, first 
established the use of agar in preparing solid culture media for 
baaeriological research in 1881. 

Status of Biotogical and Technical Knowledge 
Agar and carrageenan are derived from galactan polysac

charides of marine red algae. Galactans are the major polysac
charide constituents ofthe cell walls of most marine red algae 
The types and quantity vary from species to spedes and this is an 
important charaaer in biosystematics. The amount present also 
varies with ecologica] factors such as light, nutrients and 
temperature. Polysaccharides have an important role in the 
general biology of these algae: protection from wave action, 
physical support of cells, ion exchange system, water binding 
for protection from desiccation The galactans have a common 
backbone which consists of galaaose units linked altemately by 
a (1-3) and P(l-4). The alpha (a) unit is with either D- or L-
galactose whereas the beta (fi) unit is always D-galaaose. In agar 
the a-linkages are all with L-galaaose and in carrageenan they are 
all with D-galaaose All this contributes to a complex chemistry 

Agar is available in several different tv-pcs for different 
products. The less e.xpensi ve types ($8-$ 15 per pound) are used 
for iheir gelling and water barrier properties in food products 
(fro7en foods, bakery icings, meringues, dessert gels, candies 
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and fiuit juices). As a gelling agent in foods, it is used at greater 
than one per cent concentration. For viscosity control and 
stabilization, lower levels (0.2-0.8%) are used. Agar is not 

' assimilated by the human digestive system and in fact serves as 
a laxative. Industrial applications are paper sizing/coating, 
adhesives, textile printing/dyeing, castings, impressions, etc. 
The mid-quality ($100/pound) agars are used as the gel sub
strate in biological culture media Most agar media are made at 
a 1.0-1.5 percent concentration in water, melt above 185°F and 
gel at 105°F. They are also important in medical/phamiaceuti-
cal fields as bulking agents, laxatives, suppositories, capsules, 
tablets and anticoagulants. The most highly purified and upper 
market types (>$250/pound) areoow^tsedBrmoleairsbiol^^jp-
for separation sciences (immunodifiiision, diffusion, electro
phoresis and gel chromatography). 

Carrageenans are far more widely used than agar as 
emulsifiers/stabilizers in numerous foods, especially milk-
based produas. Kappa and iota carrageenans are espedally 
important for use in milk produas such as chocolate milk, ice 
aeam, evaporated milk, infant formulas, puddings, whipped 
CTeam toppings and egg nog, because of their thickening and 
suspension properties. For these uses, concentrations range 
from about O.Ol to 0.2 percent. In water-based food products 
(jellies, jams, salad dressings, symps, dessert gels, meat prod
ucts and pet foods), carrageenan concentrations are somewhat 
higher (0.2-0.5%), Kappa carrageenan forms a firm, brittle gel 
and iota vields a flexible and very diy gel. Blending of these in 
different ratios is used for different products. Most recently, it 
has received substantial publicity as a binder in low-fat ham
burger meat of fast-food chains and other low-fat meat products. 
Industrial products incorporating carrageenans are air fresh
ener gels, cleaners, etc. Pharmaceutical and medical applica
tions are similar to those of agar. Kappa, iota and lambda 
carrageenans differ in gelling and milk reactivity and are the 
three most widely used types in commercial products. 

Status of Populations 

The agarweeds most frequent to Califomia are Gelidium, 
Pterocladia, and Gracilaria. Of the six species ot Gelidium in 
California, only G. robustum is available in suffident wild 
stocks to warrant limited harvest for agar production. Before 
and during Worid War U and until American Agar and Chemi
cal Company in San Diego closed in about 1986, G. robustum 
was collected by divers along the southem Califomia coast 
Resource management of wild stock of G. robustum was 
investigated carefully to establish control of season, amount and 
method of hanesting, but il proved difficult to enforce regula
tions. Today, there is no harvest of wild stocks for commerdal 
agar production. Wild stocks are still harvested in Baja Califor
nia Mexico, by local fisherman for processing in Ensenada and 
subsequent export of refined agar. It is very slow growing in 
namre and even slower in mariculture, thus making it unlikely 
as a major resource. Several other species, including G. 
coulteri, show much faster growth in nature and in tank culture, 
providing an acceptable quality agar. Unfortunately, the cost of 
these culture systems in Califomia is too high for competition 

with either wild stock haivest or cultivaOon in other countries. The 
Gracilaria spedes in Califomia and elsewhere offer considerable 
potential, because of their fest growth and yield of agar. Several 
spedes are extensively cultivated in Chile, China and Thailand 
for example. The best candidate for large scale culture in Califor
nia is G, lemaneformis. Although extensively cultivated in open 
bays of other countries, it is unlikely that such cultivation could 
occur in California, because cf govemment restrictions. 

There are many other genera of red algae in Califomia that 
yield agars and carrageenans. 

Compared to agars, carrageenans generally are more plen
tiful and less costiy, because the carrageenan weeds are more 
widely available from harvest of wild stocks and extensive 
cultivated stocks (e.g., Eucheuma and Kappaphycus in the 
Philippines, IndoiKsia, Malaysia, China and Thailand). Tbe 
canageenan weeds common in Califomia are Gigartina, 
Iridaea, .Masto-carpus, Rhodoglossum and Sarcodiolheca. 
Several Calffomia spedes can be grown successfiilly in mari
culture, but lhe low value of carrageenan makes both wild 
harvest and culmre economically unrealistic. 

John West 
University ofCalifornia. Berkeley 
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MARINE PLANTS: DISCUSSION 

The decline of once-luxurious kelp forests has been vari
ously attributed to major storms, prolonged periods of nutnent-
drought over-grazing by sea urchins, sewage outfalls, power 
plant cooling water, oil drilling and oil prtxluction water 
discharge. Considerable sums have been spent on smdies trying 
to understand why our narine plant resources are not what ihcv 
used to be. Many such studies have been documented only in 
unpublished reports which are hard to fmd and have not been 
subjected to carefiil sdentific review. Moreover, some fail to 
answer the question of why our marine plant resources arc not 
thriving as in the past Obviously, this situation must change if 
wc are to protea and restore our marine plant resource 

Californians have not yet tried to domesticate and cuttnaic 
marine plant resources on a large scale In China Japan and the 
Philippines maaoalgal cultivation is a multi-mil I ion dollu txra-
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ness employing thousands of people and produdng exports that 
are marketed world-wide. As the preceding discussions indi
cate, the hanest of natural stands ofboth agarophvies and kelps 
in Califomia has been finandally rewarding, and kelp is still 
hanesied. The enormous produaivity ofthe giant kelp forests 
was demonstrated during the first world war, when over 
400,000 ions per year were haivested and used for the produc
tion of acetone and other products. Kelp domestication and 
cultivation has been achieved in California, but only a few aaes 
have been farmed to date. 

The commercial cultivation of agarophytes has been at
tempted both in the sea and in tanks on land with somewhat 
encouraging results, particularly with regard to the red alga, 
Gracilaria. However; the most vahiable agar and agarose produc
ing Gelidium ha&beeacukivaled ia Calffomia ofUy on an experi
mental scale. Nonetheless, acommercial source ofhigh-value agar 
and agarose would be a boon for the growing Calffomia biotech
nology indusuy, where these substances are used. 

There is little disagreement among those who hanest 
abalone and sea urchins in California that an abundant supply 
of kelp and other macroalgae is an essential element for the 
mariculttual produaion of these valuable heibivores. Indeed, it 
is the shortage of macroalgal foods that limits the present 
Japanese and Chinese abalone mariculture industries. Given 
the faa that the south-flowing Calffomia Current and the 
upwelling it produces along the coast of California provide 
year-round cool and nutrient-rich water, growing condilions for 

macroalgae are good here and large-scale year-round com
mercial cultivation ofkelp is possible. Calffomia giant kelp is 
perennial and long-lived. A small experimental kelp bed estab
lished in 1981 is still flourishing ten years later. 

The allocation of resources for the management and experi
mental farming of Calffomia marine macroalgae could provide a 
sound basis for presening natural submarine kelp forests enjo)ed 
by sport fishennen and reaeational divers, as wdl as providing an 
imporiant resource for maricultiire. Large scale, commercial 
macroalgal cultivation could provide raw materials for the produc
tion {£ agar arxl alginates, as well as maricultuial feeds for a 
sustained abakine arid sea urchin industiy. 

Michael Neushul and Peter Neushul 
University of Calffomia, Santa Baibara 
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OCEAN SHRIMP 

History of the Fishery 
The commerdal fishery for ocean shrimp (Pandalus 

Jordani), alsocalledpink shrimp, started in 1952 afler commer
dal quantities were found by Calffomia Department of Fish and 
Game (CDFG) research vessels in 1950 and 1951. Regulations 
for the new fishery, including net type wilh mesh restriaions 
and a season, were established by the Calffomia Fish and Game 
Commission in 1952. The first catches were made later that 
same year. Three regulation areas were also designated and 
catch quotas established for each. The three regulatory areas 
were Area A, Oregon border to False Cape; Area B, False Cape 
to Pigeon Point; and Area C, Pigeon Point to the Mexican 
border In 1956, Area B was divided into two areas; B-l 
exiended from False Cape to Point Arena and B-2 from Point 
Arena to Pigeon Point. 

Catch quotas govemed the shrimp take from 1952 lo 1976, 
Quotas were based on recommendations ofthe CDFG and were 
set each year by the Fish and Game Commission In 1976, all 
quotas were dropped in favor of four criteria believed to protea 
the resource. The criteria were: 1) a season from April 15 
through Oaober 31 designed to protea egg-bearing females; 2) a 
net mesh size of 1 3/8 inches to allow escapement of small 0-
and 1-year-old shrimp; 3) a count per pound of 170 or less 
intended to protea one-year-old shrimp; and 4) a minimum 
ptch rate of 350 pounds per hour to protect shrimp when the 

pulation is at a low level, ff these requirements were not met, 
the CDFG had the option to close the fishery. In 1981, the 
regulations were changed again to bring them into accord with 
an agreement with Oregon Department of Fish and Wildhfe 
and Washington Depanment of Fisheries to have umform 
regulations. The new regulations included a season from April 
1 through Oaober 31, a maximum count per pound of 160, and 
a minimum mesh size of 13/8 inches measured inside the knots. 
These regulations are still in effect From 1952 to 1963, shrimp 
fishermen were limited to the use of beam trawls with a 
mimmum mesh size of 1.5 inches between the knots. In l%3, 
shrimpers were permined to use otter trawls with the same size 
mesh. The mesh size was reduced from 1.5 inches to 1 3/8 
inches in Areas A, B-1, and B-2 in 1975. 

Priorto 1974,all shrimp boats in CaUfonua pulledasingle 
rig of one net and two doors, but starting with the 1974 season 
vessels which towed a double rig from outriggers, one on each 
side ofthe boat entered the fisheiy. The double-rigged vessels are 
approximately 1.6 limes more effective than single-rigged vessels. 

During the first year ofthe fishery, only six boats partici
pated The number of boats increased to 27 by 1960, then 
averaged 24 boats per season over the next 16 years until the 
record catch in 1977 started a rapid influx of boats into the 
shrimp fishery. A record high of 104 vessels fished for shrimp 
during 1980, but the number declined to 33 during 1983 when 
lhe catch fell to a low of 1,176,000 pounds. As the catch 

recovered from that El Nifio-induced low, many boats reentered 
the fishery. The number of vessels per season averaged 63 from 
1983 Uhrough 1990. 

CaUfomia landings have averaged 3,720,000 pounds annu
ally from 1952 through the 1990 season, ranging fiom a low of 
206,000 pounds in 1952 toahigh of 15,640,000 pounds in 1977. 
Average landings have increased each decade since the start of 
the fishery in the 1950's: 969,000 pounds in the 1950's, 
1,810,000 pounds in the 1960's, 5,679,000 pounds in the 
1970's, andS,871,000 pounds in the 1980's. Area Ahasbeenthe 
most consistent producer and, since 1954, has had the highest 
annual landings. The only exception was the El Niik> year of 
1983, when Area C had the highest landings. Since the incep
tion ofthe fisheiy, 84.3 percent ofthe shrimp have been landed 
in Area A ports, 6.1 percent in Area B-1,4.4 percent in Area B-
2, and 5.1 percent in Area C. 

The price paid to the fishermen (ex-vessel price) has ranged 
from a low of $0.07 per pound in 1955 to a high of $0.87 per 
pound in 1987. The ex-vessel price remained fairiy constant at 
$0,10 per pound during the I950's and 1960's, inaeased in 
price from $0,12 per pound to around $0.30 per pound in the 
1970's, and since has fluctuated around $0.50 per pound 

Calffomia ccnunercial landings of ocean shrimp, 1952-1969, 

I f. I ' . I t I n I .: I > I . ! 

Cdlifcrma commercial landingsof ocean shrimp, 1970-1991 
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Catch of ocean ^srimpjcames aboard a trawler. 

The largest portion of ocean shrimp landed in C!alffomia is 
picked and sold frozen in vacuum cans. Small amounts are sold 
fresh unpicked, as cooked picked meat or, most recently, as 
individually quick-frozen shrimp. Most of Califomia's shrimp 
catch was hand picked until 1969, when machines were iniio-
duced in the Eureka area. Shrimp machines have enabled the 
shrimp industiy to pick much smaller shrimp than was possible 
with hand picking. 

Status of Biological Knowledge 

Ocean shrimp are found from Unalaska in the Aleutian 
Islands to off San Diego, Calffomia at depths from 150 lo 1200 
feet. In Calffomia this spedes is generally found from depths of 
240 to 750 feet. Spaw-ning probably occurs throughout the range, 
but commercial harvest is limited to the area between V^rxxiuver 
Island British Columbia and Point Arguello, Calffomia. 

Concentrations of shrimp generally rcmain in well defined 
areas or beds from year to vear. These areas are associated with 
green mud and muddy-sand bottoms. Although there is evidence 
of onshore-offshore and coastwide movement within the confirms 
ofa bed throughout the >eat; no set piattem is apparent Horizontal 
movements probably are govemed by feeding aaivities and 
prevailing curients. Ocean shnmp also exhibit vertical migra
tions. These movements towards the surface during periods of 
darkness appear to be associated with feeding on plankton Adults 
fiom the differem beds probably intermix rarely, but the planktonic 
lanae uixioubtedly intermingle, as there are no indicatk)ns of 
geneticall) distina subpopulatMns. Genetic stock identification 
work on ocean shrimp has failed to isolate any genetic differences 
between ocean shrimp fiom off tiie coasts of Calffomia Oregon, 
Washington and Bntish Columbia 

Ocean shrimp feed mostiy at night on planktonic animals. 
The stomach contents of shrimp taken at night indicated that 
the most common food items were euphausiids and copepods, 
while the stomachs of shrimp colleaed during daytime con
tained littie food Identifiable food items included polychaete 
worms, sponges, diatoms, amphipods, and isopods. 

Many spedes of fish prey on ocean shrimp. Major fish 
predators include Paafic hake, arrowiooih flounder, sablefish. 
petrale sole and several speaes of rockfish. 

Ocean shrimp are protandric hermaphrodites; that is. during 
tiieir first year and a haff of Iffe most will function as males, then 
pass through a transitional phase to become females. During some 
yeais, a large percentage (up to 60 percent) ofthe one-year-old 
shrimp become females and never mate as males. Female shrimp 
usually cany between 1,000 and 3,000 eggs. Small individuals in 
their second year have been found carrying as few as 900 eggs, 
whereas larger shrimp in their third or fourth year oflffe have been 
found with up to 3,900 eggs. Mating takes place during September 
and Oaober, and the extemal fertilizatkin cf the eggs takes place 
when the females begin extruding eggs in October. The female 
carries the eggs between the posterior swimming appendages until 
tbe larvae hatch. The peak of hatching occurs during late March 
and early April. Ocean shrimp go through a larval period which 
lasts 2.5 to three months. Shrimp grow in steps by molting or 
shedding their shells. Growth rates for ocean shrimp vary accord
ing to region and also by sex and year class. There is a clear pattem 
of seasonal growth despite the variations mentioned, with very 
rapid growth during spring and summer and slower growth over 
the winler. Tbe growlh rate decreases as the shrimp age. Ocean 
shrimp may reach 5.5 inches in total length, but die average catch 
size is aboutfour inches. In Calffomia few shrimp sunive beyond 
their fourth year. Studies on natural mortality have indicated that 
the sunival between fishing seasons (over winter) is estimated to 
be 46 percent, 76 percent and 43 percent for ocean shrimp during 
Uieir first, second and tiiiid winteis rflffe, respectively. 

Status of Population 

Population estimates of the various shrimp beds were 
oblainai by CDFG sea surveys from 1959 to 1964; calch quotas 
were sa at one quarter ofthe estimated population. Area A sea 
survey continued imtil 1969. The highest Area A population 
estimate from sea surveys was 10,700,000 pounds in the fall of 
1967. Because the cost ofsea suneys was quite high, another 
method of estimating population was needed A mathematical 
population model designed by CDFG statistidans was used lo 
estimate the population size and set the quota from 1969 until 
1976, when the model was dropped and no further anempts to 
estimate the population were made. It was established that the 
ocean shrimp population abundance off Calffomia is deter
mined by environmental conditions which cause natural fluc
tuations in recmitment that are apparentiy unrelated to com
mercial fishing effort Since the abandonment of quotas, the 
shrimp population, as evidenced by the commeidai catch, has 
gone through twoextremehighs(1977-15,600,000 pounds; 1989 
-13,300,000 pounds) and one low (1983 -1,200,000 pounds -
primarily in Arca C). The landings are apparently headed fbr 
another low in 1991,duetoayear-class&ilurein 1989. 

Patrick C. Collier 
CaUfomia Department ofFish and Game 
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SPOT PRAWN 

History of the Fishery 

The fishery for sjxrt prawn (Pandalus platyceros) origi
nated nearly 60 years ago in Monterey when prawns were 
caught incidentally in oaopus traps. It was a minor fisheo'with 
landings averaging around 2,000 pounds armuaffy until the 
early 1970's; but, in 1974, trawl fishermen fishing out of Santa 
Baibara caught over 182,000 pounds. The Santa Baibara area 
became the major center for spot prawns and trawl gear the 
main method of capture. Landings continued to increase fol
lowing a decline in 1977. By 1981, landings reached a record 
high of 370,536 pounds, most of this tolal coming from the 
Santa Barbara-Venmra area. Catches began to decUne in 1982, 
and feU signfficantly in 1984, when a closed season for trawl 
gear was imposed by the Calffomia Department of Fish and 
Game (CDFG). Reasons for the periodic declines in landings 
may have been overfishing, market conditions, or namral cyclic 
fluctuations due to environmenlal conditions. Trawl fishermen 
also began fishing for ridgeback prawns during the period. Wl til 
a closed season on trawl gear, interest developed in a trap fishery 
in southem Calffomia beginning in 1986. Trap fishermen 
began fishing off Catalina and San Clemente Islands, as well as 
in submarine canyons. Soon, this mode of fishing became 
profitable and popular. With traps, prawns could be kept alive 
using holding tanks set at optimum water temperatures, and a 
market for live prawns developed primarily for the restaurant 
and Asian markets. Price for Uve prawns ranged from $5.00 to 
$6.50 per pound, whereas dead (heads-on) prawns brought only 
S3 50 per pound. Landings again increased in 1986, reaching a 
near record lotal of 311,000 pounds by 1990. Currently, trap 
gear accounts for nearly 75 percent ofall prawns landed, while 
25 percent is laken by trawl gear. 

The trawler fleet consists of 20 to 25 vessels operating out 
of Morro Bay, Santa Barbara and Ventura Standard gear is a 
single-rig shrimp trawl ofa semi-baUoon, or Gulf Shrimp Act, 
design. Occasionally, double-rig shrimp trawls are used. The 
minimum mesh requirement is 1.5 inches, but many fishermen 
use larger-mesh nets. Trap fisheries are located in Monterey 
Bay and in southem CaUfomia The Monterey Bay trap fishery 
continues to produce prawns, although it has never reached the 
laige volume ofthe southem (TaUfomia fishery. Monterey-area 
boats are about 30 to 40 feet in length and usuaUy fish for 
salmon during the summer. Currently, there are only a few boats 

Calffcvnia commercial landingsof spot prawns, 1921-1969. 
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Califomia commercial landings of spot prawns, 1970-1991. 

fishing the Monterey Bay area and they fish only three to four 
months a year. The Southem Calffomia trap fleet numbers 
between 30 and 50 boats. These boats range in size from 30 to 60 
fea. Trap designs are variable, with plastic oval-shape traps and 
rectangular wire traps being most popular. Normally, a long 
Une or string contains 25 to 50 traps. In both fishing areas, traps 
are set at depths of 500 to 900 feet along submarine canyons. 

Status of Biological Knowledge 
The distribution of spot prawn ranges from Alaska to San 

Diego, Calffomia, in depths of 150 to 1,6(X) feet. Major concen
trations of populations in Calffomia waters occur off Monterey 
and die Channel Islands. This spedes is a protandric hermaph
rodite beginning Ufe as a male. Sexual maturity is reached 
during the third year when they average 1.5 inches carapace 
length (CL). By the fourth year, many males begin to change sex 
to the transitional stage. By the end of the fourth year the 
iransitionals become females averaging 1.75 inches CL Maxi
mum observed age is estimated at over six years. There are 
considerable differences in age and growlh of spot praw-ns 
bcrwccn areas Animals from Canada Uve no longer than four 
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years, whereas the prawns from southem Calffomia can reach 
six years. Studies indicate that prawns grow faster in a temper
ate environment than in a cold environment 

Spot prawn, Pandalus platyceros 

Spawning occurs once a year, and each individual mates 
once as a male and once or twice as a female. Females ^awn at 
four years and older at a carapace length of 1.75 inches. 
Spawning takes place at depths of 5(X) to 700 feet September 
appears to be the spawning month, when the eggs are extmded 
onto the female's swimmerets. She carries the eggs for a period 
of four to five months before they hatch. By April only 15 
percent of the females stiU carry eggs. Fecundity varies with 
size, ranging from 1,400 to 5,000 eggs for the first spawning 
down to 1,000 eggs for the second spawning. Eggs hatch over a 
10-day period and the larvae are pelagic. As the animals 
develop to the juvenile stage, they begin to settle out at depths of 
175 feet, but move deeper when they reach adulthood 

Spot prawns feed on other shrimp, plankton, small mol
lusks, worms, sponges and fish carcasses. They.usuaUy forage 
on the bonom throughoiu the day and night 

Status of Population 
Exploratory surveys conducted by the CDFG during the 

1960's revealed the preseooe cf prawns ak>ng the coast, but no 
estimates of population size were made During the 1980's, 
additional surveys were conducted along southera Califomia 
for distribution and range. Fishermen began using traps during 
this period, locating prawns in new areas, and now this spedes 
appears to be more numerous than previously believed. A 
substantial fishery has now developed in southern Calffomia 

John S. Sunada 
CaUfomia Department ofFish and Game 

John B. Richards 
University of CaUfomia 

Sea Grant Extension Program 
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RIDGEBACK PRAWN 

History of the Rshery 

The fishery for ridgeback prawn (Sicyonia ingentis) is 
comparatively young. Until recently, interest in the spedes was 
lacking because ofthe absence of demand. Prior to 1966, trawl 
fishennen in the Santa Barbara area occasionally obsened 
small numbers of ridgebadc prawns in their bottomfish catches. 
Fishing started in 1966 after regulations were formulated to 
harvest tiiis resource with smaU-mesh nets. Landings in 1966 
totaled about 30,200 pounds, but die fishery quickly £u)ed as a 
result of poor maiketabiUty. Annual landings were below 5,000 
pounds from 1974 to 1977, except in 1975 when they were 
28,000 pounds. The catch increased to 3 56,000 pounds in 1979, 
but declined to 129,000 pounds Uiree years later. In 1985, 
landings peaked at nearly 900,000 pounds, but they subse
quentiy decUned to 142,000 pounds in 1988 foUowing several 
year<lass failures. 

Calffomia commercial landings of ridgdjack prawns, 1974-1991. 

The fishery is centered in the Santa Baibara Charmel and 
off Santa Monica Bay. TVenty trawlers ranging from 33 to 73 
feet (average 48 feet) engage in the fisheiy. Standard gear has 
been a single-rig shrimp trawl with a mesh size of 1.5 i nches or 
greater. Seasonally, as maiiy as seven Pacific nonhwest shrimp 
trawlers have entered the fishery. These boats, which averaged 
67 feet, used a double-rig shrimp trawl, increasing the fishing 
cfBdcncy by 60 percent When the fisheiy declined in the earty 
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1980's, many ofthese boats left the area Following the decUne 
in landings in 1981,asummerclosure(June 1 through Septcm-
jr 30) was adopted by the CaUfomia Fish and Game Commis-
bn for the protection of spawning feinale and juvenile 

ridgeback prawns. An incidental take of 50 pounds ofprawnsis 
allowed during the closed period Other regulations include a 
tiiree-mile closure to ti-awUng and a minimum mesh size of 1.5 
inches for single-walled codends or three inches for double-
waUed codends. 

Demand for this resource continues to be high, as its sweet 
flavor and low price make it a fevorite among fresh fish buyers. 
As this spedes does not freeze well it is primarily sold fresh. 

g^ffO<. 

Ridgeback prawn, Sicyonia ingentis 

Status of Biological Knowledge 

Ridgeback prawns occur from Monterey, Calffomia to 
Cedros Island, Baja CaUfomia at depths ranging from less than 
145 feet to 525 feet Major population concentrations are the 
Ventura-Santa Barbara Channel area, Santa Monica Bay, and 
iff Oceanside. Other pockets ofabundance are found off Baja 

ibmia This spedes occurs on substrates of sand, sheU and 
green mud As these animals are relatively sessUe, litUe or no 
intermixing occurs. Their maximum Iffe span is five years and 
sexes are separate. Females reach a maximum length of 1.8 
inches carapace length (CL), and males 1.5 inches CL. 

These shrimp are free ^wners, as o(^x)sed to other 
shrimps which cany eggs. Both sexes spawn as early as the first 
year, but most spawn during the second year at a size of 1.2 
inches CL. The spawning period is more seasonal than with 
other penaid shrimp. Smdies suggest that this species under
goes multiple spawning during June through Oaober. Follow
ing spawning, both sexes undergo molting and continue molt
ing throughout winter and spring Tbe number of eggs pro
duced averages 86,000. 

Food habits ofthe ridgeback prawn are not known, but it 
may be a detritus feeder like closely related species. 

Status of Population 

Yearly sea surveys have been conducted over the past eight 
years to document relative abundance and year-class strengths 
of juvenile ridgeback prawns. Relative abundance in terms of 
numbers of animals per 15-minute tow began increasing from 
66 animals per tow in 1982 to 1,200 animals per tow by 1984, 
but began to decline in 1985 when the catch fell to 132 per tow. 
These trends minored the rise and feU of yearly commerdal 
catches. The population of ridgeback prawn in the Ventura area 

increased dramaticaUy during 1983 to 1985, but subsequently 
began declining. Potential causesfor this increase are the effects 
of El Niiio, which provided optimum conditions; reduced 
predator populations; and regulatory restrictions on the fishery. 
No population estimates were available for any of the major 
fishing grounds, although the majority of catches consisted of 
two- and three-year-old animals. 

John S. Sunada 
CaUfomia Department ofFish and Game 

John B. Richards 
University eff California 

Sea Grant Extension Program 
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BAY SHRIMP 

History of the Fishery 

The commerdal fisheiy for bay shrimp in San Francisco 
Bay began in the early 1860's. Historical accounts differ con
ceming the circumstances and earUest partidpants; they may 
have been ItaUans using small-meshed bag seines. By 1871, the 
Chinese had set up fishing camps along the shores of the bay 
and introduced Chinese shrimp nets. These ftinnel-shaped nets 
were anchored in place and shrimp were captured as they were 
carried into the nets by the tide. Between 1890 and 1895, fishing 
camps also existed inTomales Bay. By 1897,26 Chinese fishing 
camps operated up to 50 nets in San Francisco Bay with daily 
landings of 400 to 8,000 pounds of shrimp. Since the 1870's. 
these camps had tieen supplying large quantities of dried 
shrimp meat and shrimp meal (dried heads and sheUs) to an 
export market for China At the height of the fishery ui the 
1890's. annual landings exceeded five miUion pounds. 

Between 1897 and 1911, studies were required bv the 
CaUfomia Fish and Game Commission to respond to conccmi 
thai many young fish, particulariy striped bass, were bang 
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kiUed in the shrimp nets. This led to a May to August season 
closure and eventually the prohibition in 1911 of Chinese 
shrimp nets. In 1915, the Legislature again aUowed their use, 
but only in south San Frandsco Bay About this time, beam 
trawl nets began to be used by commercial shrimp harvesters in 
northem San Frandsco Bay and San Pablo Bay. Annual 
landings graduaUy increased over the next two decades and 
peaked at 3,4 milUon pounds in 1935. A steady decline then 
began in response lo a decUne in demand for fresh and dried 
shrimp as food. In the early 1960's, armual landings averaged 
about 1,500 pounds, and in 1%4 no shrimp were landed 

local bait shops by truck in either Uve tanks or iced-down 
wooden trays with burlap lining. 

Calffomia commercial landings of bay shrimp, 1916-1969. 

Calffomiaconunerciallandingsof bay shrimp, 1970-1991. 

In 1%5, a new fisheiy developed to supply lay shrimp as 
Uve bait for sturgeon and striped bass ̂ r t fishing. Since then, 
the commercial hanest has been entirely by beam trawl. 
Annual landings exceeded 100,000 pounds in 1980 and since 
then have averaged 142,000 pounds. A small percentage ofthe 
catch is stiU consumed fresh as food. 

In 1990,14 vessels participated in the bay shrimp fishery 
Most boats are between 25 and 40 fea long. The shrimp tiawls 
are spread by either a wooden or galvanized steel pole. Nets are 
20 lo 25 feet wide witii a mesh of 7/8 to one inch in the cod end 
Live tanks are used on all vessels, and shrimp are transported to 

Vessel using beam trawi to harvest bay shrimp in San Pablo Bay. 

Primary fishing locations are southern San Frandsco Bay, 
including Coyote Creek and Redwood Creek, northern San 
Pablo Bay, and Carquinez Stiait. There is relatively Uttie 
movement between northem and southem shrimping grounds 
by fishermen Fishing generally occurs in wateis less than 20 
feet deep in the channels ofthe estuaiy's shaUow reaches. 

Regulation changes in the 1980's eliminated fishing in most 
of Suisun Bay due to the high inddental catch and assodated 
mortaUty of smaU striped bass in shrimp trawls. No quota or season 
closure is in effea for the commercial fishery, arxi landings are 
influenced primarily by demand Sport regulations aUow the use cf 
hand-powered shrimp trawls no greater than 18 by 24 inches at the 
mouth and a daily bag Umit cf five pounds. 

Status of Biok>gk:al Knowledge 

Bay shrimp, also known as grass shrimp, are actuaUy an 
aggregate of four species. The primaiy component of the 
commerdal landings is the Calffomia bay shrimp (Crangon 
franciscorum). Although it ranges from southeast Aladia to 
San Diego to a depth of 180 feet, it is found primarily in 
estuaries and enclosed bays. The blacktail bay shrimp (C. 
nigricauda) ranges from Alaska to Baja Calffomia to a depth of 
200 feet and is common in bays and estuaries. The blackspotted 
bay shrimp (C. nigromaculata) is a very minor component of 
the catch in San Francisco Bay. It ranges from the Guff of the 
FaraUones to Baja Calffomia at depths of 10 to IOO feet and is 
uncommon in estuaries. The fourth species, the oriental shrimp 
(Palaemon macrodactylus), has become an increasingly large 
component of the catch since its acddental introduction into 
San Frandsco Bay. 

Fishermen have long known that shrimp migrate within 
the estuaty. Bay shrimp larvae hatch in high salinity waters, 
including the lower portions of San Frandsco Bay and the 
nearshore ocean area, in winter and spring. Smail. posi-lanal 
shri mp migrate into the bay and upstream to the bradush-water 
nursery area in spring and early summer In late spnng and 
summer, most commerciaUy-caught shrimp are small (I 0 to 
1 5 inches) as large numbers of juvemle shrimp crienhe fishing 
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grounds. In fall and winter, large adults are the primary 
component of the catch, and during this time they begin their 

^wns t ream migration 
Calffomia bay shrimp reach a total length of about 3.0 

'inches, whUe the blacktail and blackspotted bay shrimps rarely 
exceed 2.0 inches. In all three species of bay shrimp, females 
grow more quickly and reach a larger size than males. Maxi
mum length of the oriental shrimp is just over 2.5 inches. 

Catch of bay shrimp with bvcatch ofa few smaU sculpin and 
sttiped bass. 

C âUfomia bay shrimp tolerate a wide range of salinity and 
^temperature, and juveniles may be found throughout the estuaiy 
where salinity is greaterthan one part per thousand. Blacktail bay 
shrimp prefer h i ^ r salinity and lower temperature and generally 
occur where saUnity exceeds 15 parts per thousand and tempera
ture is less titan 68° F. The blackspotted bay shrimp prefers even 
higher salinity waters and in the San Francisco Bay estuary is 
limited lo the area downstream of central San Pablo Bay. AU three 
spedes occur in the ocean, but the Calffomia bay shrimp is 
uncommon there. The oriental shrimp prefen more brackish 
water than the above spedes and is most common in the extreme 
southem portion of San Francisco Bay, noithen San Pabki Bay, 
and tiie areas upstream of SanPaUo Bay. It occurs more frequentiy 
where salinity is less than 10 parts per thousand 

Although egg-bearing Caliistnia and blacktail bay shrimp 
may be found throughout the year; the main egg-bearing season fbr 
the Calffomia bay shrimp extends fitim December to May. For 
ovigerous blacktail bay shrimp there are two peaks of abundanoe, 
spring-summer and fall In years with h i ^ fieshwater inflow to 
the estuaiy, the majority ofthe reproduaive population of CaUfor
nia bay shrimp migrates out of the bay. Egg-bearing oriental 
shrimp occur fiom March to September in the bay. 

Bay shrimp are an important component in the diets of 
nearshore and estuarine fishes. Twenty-four predator spedes 
have been identified in the San Francisco Bay estuary and 20 in 
the adjacent ocean environment Major predators irKlude green 
and while sturgeon, striped bass, leopard shark, brown 
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smoothhound, big skate, white croaker, staghom sculpin, stany 
flounder, EngUsh sole, pile and mbberUp suriperch. Pacific 
tomcod and brown rockfish. Bay shrimps and the oriental 
shrimp are opporttmistic feeders, consuming a wide variety of 
organisms such as bivalves, polychaaes, amphipods, mysids, 
copepods, crustacean larvae, fish lanae and insects, as well as 
animal doritus and plant material. 

Status of Populations 

The absolute abundance of bay shrin^ has not been 
estimated. However, relative abimdance indices during the past 
decade have shown population changes of a factor often The 
abundance of (ZaUfomia bay shrimp increases with increased 
river inflow to the estuaiy, probably because of the increased 
low-saUnity habitat for the rearing of juveniles. Abundance of 
blacktail liay shrimp has increased recentiy during a series of 
years with lower river inflow, although it has not replaced 
CaUfomia bay shrimp in abundance. Given the short Ufe cycle 
ofbay shrimp (1.5 to 2.5 years) and the relatively low level ofthe 
present harvest compared with the sustained high level ofthe 
1930 's, it is unlikely that the bait fisheiy is negatively iinpacting 
the biomass ofbay shrimp in the San Francisco Bay estuary. 
However, the cunent overaU abundance of the bay shrimps may be 
lower due to kiss of; or change in, habitat during the last 60 years. 

Paul N. Redly 
CaUfomia Department ofFish and Game 
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SAND CRAB 

History of the Fishery 

The first complete oomroercial catch records for sand crabs 
(Emerita analoga) were coUected in 1963, when 4,673 pounds 
were landed. By 1%7, landings totaled over 8,300 pounds of 
sand crabs worth $17,152 to the fishermen. Since 1977, catch 
records indicate a greatly reduced utilization of sand crabs for 
bait Thisisprobablyduetoreducedeffortdirectedat hanesting 
tiiem and replacement of sand crabs with other baits such as 
ghost shnmp, clams and mussels. 
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Sand crabs are coUected in a wire mesh net measuring 30 
lo 36 inches in widtii. Mesh size varies from .25 to 0.5 inch The 
fisherman wades into the surf and places the net on the bottom 
as a wave begins to recede The backwash carries the sand crabs 
into the net from which they are removed and placed in a 
container held on a belt around the fisherman's waist. Usually 
oiUy "soft shelled" crabs (those that have molted recently) are 
saved These are sold and priced Ijy the dozen. Size varies 
widely, depending on season and location where the crabs are 
caught. Though price per dozen has remained quite constant, 
price per"pound varies with the size of the crabs. When only 
small sand crabs arejyaiial^ tbe price per dozen may drop. 
Demand fft^feiFSfabs remaiiiB^ hJgh through the winter 
mnmhThjrflgrnf thr presence of barred surfperch along the 
coast H33tft deosuid is increased by frequent perch fishing 
contests (dertnes) sponsored by bait stores. In winter, when soft 
shelled sand crabs are difficult to find, hard shelled crabs can 
also be sold These are usually sold by the gallon There is a 
limited but constant market for sand crabs as bait 

Sand crab, Emerita analoga. 

Status of Biological Knowledge 

The sand crab occurs from British Columbia to Panama 
Although found on nearly aU open-coast sandy beaches, there 
are gaps in this range where no sand crabs can be found 

When feeding, sand crabs burrow tail-first into the sand 
leaving only the tip of their heads and the large feathery 
antennae proimding. The antennae are extended into the 
backwash of a receding wave and strain food particles from the 
water Food particles are transferred to the mouth by wiping the 
antennae through the mouth parts. It is the e.xtended antennae 
which produce charaaeristic V-shaped ripple marks on the 
beach that indicate the presence of sand crabs. 

Mating occurs mostly in spring and summer, but some 
mating and egg-bearing females arc seen year-round Females 
are larger than males, reaching 1.5 to two inches in length; 
males seldom exceed .75 meh in length. A two-inch female may 
produce 11,000 eggs. The number of eggs varies with the size of 
tiie animal as well as with temperature and food availability. 
The eggs are carried on tiie female's abdomen (pleopods) unul 
hatched The young pass through five larval stages before they 
resemble adults. The various larval stages drift at the mercy of 
die cunents and may be canied for long distances. Shifting 

cunents, which cany the lan'ae "off course," account for 
population fluctuations on a given beach. In soulhem Califor
nia the megalops lanae arrive on the beach in the greatest 
numbers from May to July. Sand crabs reproduce during their 
first year oflffe and may not Uve more than two or three years. 
Sand crabs that settie in suboptimal habitat may not survive 
their first winter. 

Many animals eat sand crabs, mcluding surf fish, such as 
corbina, aoakers and baned surfperch, and many shore birds. 
For this reason, they make exceUent bait for sport fish, espe
dally for fishing fiom sandy beaches. They also make good bait 
when fishing from rocky shores or breakwaters for opaleye 

Status of Population 
The reported hanest in 1967 was 8,303 pounds or about 

two miUion sand crabs. Most ofthe catch came fiom about 20 
miles ofbeach in the southern part ofthe state Calffomia has 
over 2(X) nules of sandy beaches, and the total population of 
sand crabs, while undetermined, is e.xtensive. Since only the 
recentiy-molted soft shelled sand crabs are usuaUy taken and 
lhe hard shelled crabs are retumed, there is Uitie danger of over-
fishing. A high market demand for hard shell crabs, however, 
perhaps for purposes other than bait could result in a fishery 
that would be detrimental lo the population. Though extensive 
in range, sand crabs are vulnerable to capture because of their 
habit of forming dense aggregations, especially at night fre
quentiy near piers and jetties. Although population sizes are not 
weU known and the number of sand crabs on any given beach 
may fluctuate from year to year, the resource appears to be in 
good condition 

Kevin Herbinson 
Southem Calffomia Edison 
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DUNGENESS CRAB 

SMB 26751 History of the Fishery 
Dungeness crabs (Cancer magister), also known as marka 

crabs or edible crabs, were first taken commercially off San 
Franasco in about 1848. The fishety blossomed early, and now 
the hanest ofthis important marine resource occurs from .Avila 
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to the Oregon border Before the 1944-1945 season, die fishery 
wus centered around San Frandsco and the average annual 
statewide produaion was 2.6 milUon piounds. The fishery 

' expanded into the Eureka-Crescent City area as Worid War ff 
ended In the early 1940's, crab traps replaced the hoop net 
leading to significantly increased landings with strong contri
butions from northem Ĉ aUfomia Average annual statewide pro
duction since the 1945-1946 season has been 9.9 milUon pounds. 

A small fishery developed in the Mono Bay-Avila area in 
1947 and production there peaked at 434,000 pounds in the 
1950-1951 season. Landings were good through the 1950's, 
declined sharply in the 1961-1962 season, and have remained 
at low levels since. 

The small fisheiy around Monterey reached its peak before 
1945, continued on a smaU scale tiuough the 1950's, and m 
1961-1962 followed the same downward pattem as Mono Bay 
Landings reached a low of 300 pounds m 1971 -1972 and have 
never recovered 

San Frandsco landings were relatively stable from 1945-
1946 to 1955-1956, and peaked at 8.4 miUion pounds in the 
1956-1957 season The fishery then declined at a rate of more 
than one miUion pounds per season until 1 % 1-1962, when only 
710,000 pounds were landed. Subsequent seasonal landings 
have averaged less than one miUion pounds, allhough 3.1 
miUion pounds were landed in 1987-1988. 

Unloading a day's catch of Dungeness crabs at Fishermen's Wharf 
in San Francisco. 

The Eureka-Crescent City fisheiy increased substantially 
after 1945. Landings reached a peak in the late 1950's but, 
unlike otiier areas which peaked and then experienced sus
tained low levels, the north coast exhibited 10-year cyclic 
patterns of produaion. Six-year periods of good landings as 
high as 25.6 miUion pounds were foUowed by four years of poor 
landings as low as 350,000 pounds. This pattern changed in 
1982-1983 with eight successive seasons averaging only five 
miUion pounds. Thecatchjumped to about 10 miUionpounds in 
1990-1991, valued at more tiian 15 milUon dollars. 

Calffomia commercial landings of Dungeness crab, 1916-1969. 

Calffomia commercial landings of Dungeness crab, 1970-1991. 

The commercial fishery for crabs occurs in two areas, 
northem and central Calffomia, witii separate seasons for each. 
The seasons are estabUshed to allow harvesting only when crabs 
are in prime condition forthe market. Other restrictions include 
no commercial harvest of female crabs and a minimum size 
Umit on the males of 6.25 inches across the back. 

The dividing Une between the northern and central Cali
fornia areas is the Mendocino-Sonoma county Une. The central 
CaUfomia season opens the second Tuesday of November and 
continues through June 30. The opening and closing are two to 
three weeks earUer than the northern season, because crabs in 
central Calffomia molt earUer and reach prime condition 
sooner tlian in the north. Fishing areas include Avila-Morro 
Bay, Monterey, and San Francisco-Bodega Bay. The Morro Bay 
and Monterey fisheries have been of minor importance; the 
combined fleet for these two areas consisted of 35 to 40 boats 
during the 1950's but is now minimal. 

The San Francisco region is the major production area for 
central Calffomia The fisheiy utiUzes an area of over 400 
square miles, including the Gidf of the FaraUones north to die 
Russian River Thefleet consisted of200to230 boats during tive 
1')̂ ) s When tiie fishery decUned in the 1960's, a reducuon in 
the number of boats foUowed and the fleet now consists of about 
11 * I \ esscis The central Calffomia crab fleet has evoK cd from 
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but still includes, lhe old "Monierey" style vessel. Larger 
multiple pu.pose vessels are now the norm. 

The season in the nonhem Calffomia area (Mendocino-
Sonoma county line to the Oregon border) is from December 1 
to July 15. Altiiough December 15 may be a more desirable 
opening date wilh respea to crab quaUty, fishermen beUev e tiiat 
the opening date should coindde with Oregon's opening, which 
has been December 1 for many years. 

The norihem CaUfomia fishing grounds are over twice the 
size of those in central CaUfomia. They extend from Fort Bragg 
to the Oregon border with ihe prime area between Eureka and 
Crescent City. The northem Calffomia fleet fluctuated between 
100 and 200 vessels in die 1950's and 1960's, dropped to a low 
of 61 m 1973-1974, then peaked at 410 during 1976-1977. 
Since tiien, effort has been high, averaging 330 vessels per 
season. Before the mid-1970's, most vessels were converted 
saUnon trollers 30 to 60 feet in length; however, the complexion 
of the fleet changed during the record production years of the 
1970's. \fessels ranging in size from 22-fool dories to otter 
trawlers in excess of 100 feet entered the fishery. There was also 
an increase in the number of traps per boat averaging 200 but 
ranging up to 1,000 traps on some large vessels. Before 1980-
1981, crab landings were normally spread throughout the 
season. Now, 80 percent of total landings are made in December 
because of mcreased effort and the abiUty of many vessels to fish 
during day and night even in heavy seas. 

Commerdal gear for Dungeness crab is essentially the 
same throughout CaUfomia. Il consists ofa drcular steel trap 
three to 3.5 feel in diameter weighing 60 to 120 pounds. Each 
trap is required to have two 4.25-inch operungs lo aUow smaU 
crabs to escape, and must possess a destruction device which 
allows crabs to escape should the trap be lost. The trap rests on 
lhe bottom and each is buoyed independently to die surfece. Traps 
are left overnight or longer depending on fishing conditions. 

Inddental catches of crabs are landed by otter trawlers. 
While these vessels are allowed 5(X) pounds per trip during the 
regular season, only a few thousand poimds of trawl-caught 
crabs are landed annuaUy. 

Dungeness crab, Cancer magister. 

Depending on crab condition, the amount of meat ranges 
from 20 to 28 percent ofthe total weight ofthe animal. Because 
CTab is highly perishable, it must be cooked while alive, then 

kept refrigerated. Approximately 75 percent ofthe catch is sold 
as whole crab (fresh or frozen) and the remainder is picked and 
vacuum packed. 

There is limited sport use of Dungeness crabs in central 
and northem CaUfomia. The sport size limit is 5.75 inches 
across the back, and a limit of 10 crabs of either sex may be 
possessed The armual sport hanest is less than one percent of 
the commerdal take. 

Status of Biotogical Knowledge 

Dungeness crabs range from the eastem Aleutian Islands, 
Alaska to perhaps Santa Baibara; however the species is 
considered rare south of Point Conception. EarUer reports from 
Magdalena Bay, Baja Calffomia, are now thought to be in error. 
Temperature apparentiy daermines the distribution, and the 
38-65° F surface isotiierms are considered tiie Umits of the 
range. The geographic range is probably more dependent upon 
the temperamre tolerance of the lanae than of the adults. 
Optimal temperatures for larvae are 50-57° F. 

This spedes has a preference for sandy to sandy-mud 
bottoms but may be found on almost any bottom type. Dunge
ness crabs may range from the intertidal zone to a depth of at 
least 750 feet, but are not abundant beyond 300 feet 

The resource off Calffomia has been demonstrated by 
tagging experiments to consist of five subpopulations; one each 
m the areas around AvUa-Morro Bay, Monierey, San Frandsco, 
Fort Bragg, and Eureka-Crescent City. Only the latter three are 
of commerdal importance. Calffomia Department ofFish and 
Game suneys indicate the combined San Francisco and Fort 
Bragg populations are not as large as tiie population extending 
from Eureka into Oregon LitUe or no intermixing occurs. 

Tagging smdies have also demonstrated random move
ment by both sexes. At times an inshore or offshorc migration is 
obsened, but most movement is restricted to less than 10 miles; 
travel up to 100 miles has been noted, however 

Mating occurs from March through July Male crabs are 
able to sense when a female is about to molt The male carries 
the female in a protective embrace for several days untU she 
molts, then mates with the freshly molted, soft-sheU female. 
Sperm deposited in the female may remain viable for up to 2.5 
years. Eggs are spawned between Oaober and December and 
are carried beneath the abdominal flap of the female. The 
number of eggs is dependent upon the size ofthe female. The 
smallest individuals wUl carry about 500,000 eggs and the 
largest from 1.5 to 2.0 miUioa There is evidence, however, tiiat 
freshly molted females cany larger numbers of eggs than do 
gravid females which have missed a molt. The eggs range in 
diamrter from 0.016 to 0.024 inches and are bright orange after 
extrusion, becoming progressively darker as they develop. 
Hatching occurs between November and Fdiruary. 

The newly hatched larvae pass through five zoeal and one 
megalops stage before metamorphosing into the adult form 
Lanal development is inversely related to water lemperaiure, 
and m central Calffomia 105 to 125 days are required to 
complete the lanal stages. Zoeae are hypothesized to have an 
offshore movement regulated by fiaaors such as depth, tempera
mre, salinitv and ocean currents. Thev are found near the 
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surface at night and as deep as 80 feet in daylime, Megalopae 
are transported to nearshore wafers beginning in April. 

k Metamoiphosis occiu-sfrom April to June. Estuarine areas such 
Fas Humboldt Bay and San Francisco Bay are imporiant nursery 
areas for young Dungeness crabs. 

Growth is accomplished in steps through a series of molts. 
In northem Calffomia Dungeness crabs ofboth sexes molt an 
average of six times during their first year and attain an 
average width of one inch. Six more molls are required to reach 
sexual maturity at the end of their second year, when they are 
approximately four inches across. Once maturity is reached, 
growth ofthe females becomes slower. Male crabs usually molt 
twice during their third year and once per year thereafter. The 
average size of males tiuee, four and five years of age is six, 
seven and eight inches, respectively. Males may undergo a 
total of 16 molts during a Iffelime, reaching a maximum size of 
nine inches and age of six years. A small fiaction of females 
reach sizes exceeding the legal size Umit for males. 

Dungeness crabs are opportunistic feeders not Umited by 
abundance or scardty ofa particular prey. Clams, fish, isopods 
and amphipods are preferred, and cannibaUsm is prevalent 
among all age groups. 

Predators on the various Iffe stages of Dungeness crabs 
include octopuses, larger crabs and as many as 28 species of 
fish, including coho and chinook salmon, flaffishes, Ungcod, 
cabezon and various rockfishes. 

Status of Population 

Few total population estimates have been made; however, 
commerdal landings have been used as a relative indicator of 
population size. Bay and ocean suneys conducted by the 
CaUfomia Department ofFish and Game have shown that year-
class strength of Dungeness crabs can fluctuate dramatically 
from year to year. Annual commercial fishing mortaUty of legal 
male crabs is thought to be as high as 87 percent, but during 
years of high abundance a significant cany-over to the follow
ing season can occur. 

The general status ofthe subpopulations is known, but total 
size is not. The Eureka-Crescent City area supports the major 
population, accounting for as much as 95 percent of the 
statewide catch. A very smaU population exists in the vicinity eff 
Fort Bragg, but most ofthe crabs landed there are caught offthe 
Eureka coast Landing trends in noithera CaUfornia indicate a 
healthy lesource. 

Cenual CaUfomia stocks have remained at low levels of 
abundance since the decUne of the fisheiy in the early 1960's. 
Causes for the decline are n a known but have been the subject of 
considerable research into such fectors as the effects of changes in 
oceanographic cUmate on crab eggs and larvae, the role of 
nemertean worm predation on crab eggs, and the effects of 
poUution in San Francisco Bay on juvenUe crabs. 

RonaW W. Wamer 
C^aUfomia Department ofFish and Game 
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ROCK CRABS 

History of the Rshery 

Rock crabs are fished along the entire CaUfomia coast The 
catch is made up of three spedes: the yeUow rock crab (Cencer 
anthonyi), the brown rock crab (C. antennarius), and the red rock 
crab (C. productus). The commercial fishery is most important in 
soulhem Calffomia (fiom Morro Bay south), whkh produces 95 
peicent ofthe landings, and of lesser in^rtance in northem areas 
(\fonterey and Halfrnoon Bay (Hoduce four percent), where a 
fisheiy for the more desirable Dungeness crab takes place. A major 
recreational fisheiy has not developed, but recreational crabbing is 
popular in many areas and is often conducted in coiyunction with 
other fishing activities. 

In 1950, a separate reporting categoiy for commercial rode 
crab landings was established. Since then, landings have risen 
from 20,000 pounds to over two miUion pounds in 1986. 
Landings increased by 10 percent per year from 1957 to 1971, 
jumped by neariy 50 percent in 1972, and continued a steady 
increase to two miUionpounds in 1986. Priorto 1987, a poition 
of the landings was calculated whole-crab weights based on 
landings of claws only. Since then, whole crabs and claws have 
been reported separately, and whole crab landings hav« shown a 
commensurate decline. Rock crab landings for 1990 were 1.8 
mUUon pounds, including the landings of claws converted to 
whole weight 

Qxnmerdal crabbing has expanded firom neaishore areas 
around major ports sucfa as San Diego, San Pedro, Santa Barbara, 
arvi Morro Ba^ to more distant mainland areas and the Channel 
Islands. Most rock ciabs are landed alive for retail sale by firesh fish 
markets. Often the crabs are cooked and eaten on site and, 
depending on the tastes of the coosumer, muscle tissue, as weU as 
otiier organs (ovaries in particular) are consumed Rock crab meat 
has not been succes^iiUy marketed when frozenor canned During 
1990. ex-vessel prices for wtiole rode crabs averaged about $ 1.00 
p a pound, whUe daws brought $1.25 to $1.50 per pound 
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Calffomia commercial landings of rock crab, 1916-1969. 

Calffomia commercial landings of rock crab, 1970-1991. 

Red rock crab, Cancer productus. 

Several ttap desi gns and materials are used in die rock aab 
fishery. The most popular are single chamber, rectangular traps 
of 2x4- or 2x2-inch welded wire mesh. Several types of molded 
plastic traps are used by some because the traps are collapsible 
or nest together on a boat deck. Traps are set and buoyed singly 

Brown rock crab. Cancer antennarius. 

or, perhaps, in pairs ff loss to vessel traffic is a concem. Most 
trapping occurs in deptiis of 90 to 240 feet on open sandy bonom 
or near nxky reef-type substrate. Two hundred or more traps 
may be fished by one boat with a portion puUed up and emptied 
each day. Traps are usuaUy "soaked" for 48 to % hours prior to 
puUing. Commerdal crab boats are usually small, rangmg from 
skiffs to vessels of 40 feet or more. 

Recreational gear ranges from a diver's or shore picker's 
hand to baited hoop nets or collapsible star traps fished from 
piers, jetties, and boats. Most of this effort takes place along the 
shallow nearshore open coast and in bays. 

Commerdal regulations have been enacted to protea crabs 
below reproductive size. Present regulations require a mini
mum hanest size of 4.25 inches carapace width and escape 
rings measuring 3.5-mches in diameter in each trap. Due lo the 
multi-spedes nature of the fisheiy, the miiumum size was 
chosen to accommodate the different characteristics ofthe three 
rock crab spedes. The recreational take is controlled by a four 
inch minimum carapace width and a personal bag limil of 35 
crabs per day. 

Status of Biotogical Knowledge 

YeUow rock crabs range from Humboldt Bay into southem 
Baja Calffomia, brown rock crabs from northem Washington to 
central Baja CaUfomia and red rock crabs from Kodiak Island 
to Central Baja Calffomia. All three spedes uihabit waters from 
the low intertidal zone down to depths of 300 fert or more. 
Although these species may occur togetiier throughout much of 
their range, yeUow rock crabs are most abundant in southem 
Calffomia, brown rock crabs in central CaUfomia and red rock 
crabs in northem CaUfomia. Yellow rock crabs prefer open 
sand or soft bonom habitat wlule brown and red rock crabs 
prefer rocky or reef-type sulistrate. 

Rock crabs, like otiier crustaceans, grow in a step-wise 
fashion with each molt ofthe extemal sheU. Yellow and brown 
rock crabs moU 10 to 12 times before reaching sexual mamrity 
at about three inches carapace width. Crabs of ihis size may 
molt twice a year, while crabs as large as six inches carapace 
widih or more may molt once a year or less. Growth per moll, as 
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a percentage of size, deaeases as the crab inaeases in size and 
age. Males of aU three species attain sizes 10 to 15 percent larger 
than females. Yellow rock crabs grow to exceed seven inches in 
carapace width, brown nxrk crabs 6.5 inches, and red rock crabs 
eight inches. While the longevity of rock aabs is not weU 
known, many crabs may reach five or six years of age. 

Yellow rock crab. Cancer anthonyi. 

Mating takes place afier the females molt and are stUl in the 
soft sheU condition In southem Calffomia mating is most 
common in the spring, but occurs throughout the year. About 
three montiis after mating, the eggs are laid, then fertiUzed from 
a sperm packet left by the male during mating. The developing 
eggs are carried in a mass under the abdomen of the female. 
Depending on size and species, nearly four miUion eggs may be 
carried by a female rock crab. After six to eight weeks, the eggs 
hatch into planktonic lanae which undeigo seven developmen
tal molts before settiing to the bottom as juveniles. 

Rock crabs are botii predators and scavengers, feeding on a 
variety of other invertebrates. Strong crushing claws aUow 
tiiem to prey on heavily sheUed animals such as snails, clams, 
abalone, bamacles, and oysters. The olfeac«y sense of crabs is weU 
developed and aUows them to drtea and kicate food at a distance. 

Rock crabs, especially juvemles, are preyed upon Ijy a 
variety of other marine organisms. Fishes such as cabezon, 
baned sand bass and several species of rockfish are known to 
feed on rock crabs. Important inveftd}rate predators include the 
octopus and certain sea stars. As rock crabs grow larger, they 
become less susceptible to predators except during the soft-sheU 
post-molt period; however, the sea otter is one animal which is 
an effective predator on large rock crabs. 

Rock crabs do not appear to migrate or to undertake large-
scale movements. Tagged adults have moved several miles, but 
no pattem was apparent Some local movements also may occur 
in relation to mating or molting. Egg-bearing yeUow rode crabs 
are known to congregate ui rock-sand interface habitats. 

Status of Populations 

Information is not aval lable on stock sizes, recruitment and 
mortality rates, or potential yield of rock a a b populations. The 
commerdal fishery, however, has had a localized effea on a a b 

abundance and size Fishing areas intensively exploited over an 
e.xtended period show a lower calch per trap and a reduced size-
frequency distribution compared to lightly exploited areas. In 
Sania Monica Bay, an area closed to commerdal crab fishing 
for decades, experimental catch rates were higher, crab sizes 
larger and size-frequencies broader than in adjacent areas. 
Future research should be aimed at a better understanding of 
fishery-related rock crab population paramrters. 

David Parker 
CaUfornia Department ofFish and Game 
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SHEEP CRAB 

History of the Fishery 

Until 1984, the sheep crab (Loxorhynchus grandis) was of 
Uttie commerdal or recreational value. Before that, they were 
occasionaUy landed as by-catch and were also taken by some 
recreational divers. Santa Baibara fishermen and processors 
began to experiment with marketing them and by 1984 30,000 
to 40,000 pounds of whole crabs were landed. The fishery for 
this underutiUzed spedes expanded rapidly, stimulated by 
development ofa market for claws. The fishety peaked in 1988 
witii landuigs of 107,609 pounds of Uve crabs and 385,886 
pounds of claws (combination of sheep and rock crab claws). 
The sheep crab is the only fishery in the United States witii 
sizable landings ofboth claws and whole crabs. 

The CaUfomia sheep crab fishery is centered in the Sanla 
Barbara Charmel and around the northem Channel Islands. 
The buUc of the landings are in Santa Baitiara and Venmra 
counties. The fishery primarily operates over sandy bottom, 
where gear is srt in shaUow waters (30-70 fert) in spring and 
summer and then moved to deeper waters (120-240 feet) in faU 
and winter months. 

Because of tiie heavily calcified carapace of the crab, 
processing the body meat is presently imeconomical Alicma-
uvctv. processors accept only the claws, whUe whole crabs 
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continue lo be used in live fish markets. Crab and lobster trap 
fishermen supply the buUc of Uve crabs. Halibut and angel shark 
giU netters contribute substantially to the claw market usually 
killing the crab in the claw removal process. 
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Calffomia commercial landings of sheep (spider) crab, 1970-1991. 

The retaU value ofthe combined catch is about $1.9 mUUon 
per year, with claws being sold for $5.75 per pound and whole 
aabs going for $3.00 per pound Uve and $4.25 per pound 
cooked in 1990. Claw landings and value far exceed those ofthe 
w hole body fishery. Since fishermen generaUy have to estabUsh 
their own live markets and have to be able to hold the crabs aUve 
for periods of up lo a week or more, only a few fishermen have 
targeted die whole body market 

Trappers fishing for sheep crabs use modified rock crab or 
lobster traps with an enlarged fimnel. This permits entry of 
large adult male crabs as weU as smaUer adult female crabs. 
Sheep aabs were a nuisance to giU net fishermen because they 
become tangled ui the gear and their removal from the nets is 
time consuming, usuaUy resulting in damage to the animals. 
Since the development of tiieclawfishery, however, the crabs have 
become a valuable resource for giU netters. Claws are not taken 
from females, as only claws of adult male crabs reach marketable 
size Prior to 1991, rock crab and spider crab claw landings were 
combined in the landings data In 1991, a size Umit went into effea 
for rock crabs, and fishermen were prohibited fiom taking any 
"part" of tiiose crabs. The toss of suRily of rock crab claws may 
increase demand for sheep aab claws. 

Cunent landing pattems are expeaed to change due to a 
1990 Calffomia state mitiative which wiU ban the use of giU 
nets in shaUow water by 1994. It is uncertain ff claw landings 
wiU continue once the gUl nets are complrtely phased out New 
marketing efforts may help to further develop the live market 
which uses the whole crab. In either event, there seems to be 
interest and demand for the continued expansion ofthe Calffor-
nia sheep crab fishery. 

Status of Biological Knowledge 

Sheep CTab is the common name of one member ofa family 
of crabs (Majidae), which collectively are often caUed spider 

aabs. Consequently, the sheep aab is often caUed a spider crab. 
They raiige from Cordell Bank (Marin County) south to Cape 
Thurloe, Baja Calffomia, in water depths of 20 to 410 feet. It is 
not known whether the entire resource consists of just one or of 
a number of different populations. Sheep crabs appear to be 
most abundant offsouthem Calffomia 

Longevity is cunentiy unknow-n, but many adults appear to 
be al least four years old. In contrast to most other commerdaUy 
important cmstaceans, most majid crabs are beUeved to cease 
molting upon reaching maturity. Smdies of molt staging, Umb 
regeneration and molting frequency support the existence ofa 
tenninal molt in sheep crab. After this molt CTabs do not 
inCTease in size nor do they regenerate Umbs. This phenomenon 
is an important biological charaaeristic that may require 
development ofa management scheme different from those of 
other Calffomia aab fisheries. 

Maturation is defmed only in morphometric terms. At 
maturity tiie relative width ofthe abdomen of females and the 
length ofthe claw of males increase markedly when compared 
to a standard measure of body size such as carapace length. 
Females become morphometricaUy mature between 4.2 and 6.8 
inches carapace length (from margin of orbit). Adult males range 
in size from 4.2 lo 9.6 inches. However, morphometricaUy juv enile 
male crabs can reach a length of 6,8 inches; tiius, size alone is 
insuffident to deteimine mamrity. The presence of a gap in lhe 

Sheep crab, Loxorhynchus grandis. 

serrated gape ofthe claw of adult male crabs distinguishes ihcm 
ftom juvemle males. It is uncertain how morphomcinc marunty 
relates to physiological and behavioral maturity 

The abundance of benied females peaks in late spn ng and 
remains high throughout the summer, allhough thev can be 
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found throughout the year. Adult females are able to mate when 
soft or hard shelled. Sperm storage aUows for multiple broods to 

|be oviposited even in the absence of males. Egg numbers 
'probably inaease with size of brooding female crabs. SmaU 
broods contain 125,000 eggs, whereas large broods can have as 
many as 500,000 eggs. Laboratoty obsenations suggest tiiat 
sheep CTabs feed on a vanetv̂  of prey. They readily eat dead fish, 
crushed mussels and kelp. Cannibalism of newly molted ani-
inals occurs in the laboratoiy when aabs are not weU fed. No 
obsenations are avaUable on foraging behavior in nature, nor 
have gut contents been analyzed. 

Predatory interactions have not been obsened in the field 
either, but it is likely that small crabs are preyed upon by 
cabezon, sheephead, oaopus, sharks and rays. SmaU sheep 
crabs disguise themselves by decorating their carapace with 
algae, sponges or other encrusting materials. Large crabs 
probably have few predators. 

Two parasitic irffections could potentiaUy impaa recruit
ment: an undescribed spedes of nemertean or ribbon worm and 
a rhizocephalan bamacle The former consumes the developing 
embryo in the egg. The latter eliminates reproductive output 
and also inhibits growth ofthe crab. Preluninary obsenations 
indicale that certain areas contain a high prevalence of indi
viduals parasitized by the rhizocephalan and that crabs are 
iiffeaed as juveniles. 

Male crabs wintei in deep water Both sexes migrate 
onshore in early spring, and piles of adult females have been 
obsened in spring and summer Large adult males have been 
seen on the perimeter of these aggregations. The biological 
signfficance of the piles is unknown, but similar phenomena 

' have been reported for other spider crabs. 

Status of Population 
The abundance of sheep crabs is unknown. Although this 

spider crab has been a by-catch for many years, there is no 
evidence of decUning populations in tiie Santa Barfoara Chan
nel where most fishing takes place. Furthermore, abundant 
populations have been reported off Los Angeles and San Diego, 
ff this fisheiy, which is piesently unregulated, continues to 
expand, management of the resource may become necessaiy. 
Some unique features ofthe fisheiy require additional biologi
cal infonnation to guide manageinent poUdes, including its 
dual nature (w hole body and claw markets) and the existence of 
a terminal molt 

Carolyim S. (Tulver 
University of CaUfomia 

Sea Grant Extension Program 

ArmandMKuris 
University of Calffomia, Santa Baibara 

References 
/Vnonvmous. 1983. Guide lo undemliUzed species of Calffomia 

National Marine Fisheries Service Admin. Rept T-83-01. 29p 

CRUSTACEAN RESOURCES 22 

Culver, Carolynn S. 1991. Growth ofthe spider crab, Loxorhynchus 
grandis. MA Thesis, Univ of Calff. Santa Barbara, Calffomia 
101 p. 

Pleschner, D.B. 1985. Fish ofthe Montii; Spider Crab. PadCc Fishing 
Magazine. 8(6): 33-39. 

CALIFORNIA SPINY LOBSTER 

History of the Fishery 
The Calffomia spiny lobster (Panulirus interruptus) has 

been the objert ofa commerdal fisheiy in southem CaUfonua 
for over IOO years. Most commercial fishennen use box-Uke 
traps construaed of heavy wire mesh to capture spiny lobsters, 
but traps of other materials such as plastic are aUowed. About 
100 to 3(X) traps per fisherman is common, but some fish as 
many as 500 at the peak ofthe season. These traps are baited 
witii whole orcut fish and wdghted with bricks, cement or steel. 
They are fished on the sea floor, and each trap is marked witii a 
buoy bearing the fisherman's permit number High speed boats 
in the 18- to 30-foot size range are popular in this fishery, but 
everything fixim 15-fciot skiffe to 50-foot fishing boats are used 
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Calffomia commercial landings of spiny lobster, 1916-1969. 
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CaJilonua commercial landings of spiny lobster, 1970-l-v̂ l 
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Commerdal lobster fishing occurs in the rocky coastal 
areas from Point Conception to the United States-Mexico 
border and the islands and banks (such as Cortes and Tanner 
Banks) offsouthem Calffomia. Some marine Iffe refuges and 
rescn es are closed to the take of lobster as are areas in Santa 
Monica and Newport Bays and at Santa Catalina Island. 
Improved loran and sonar equipmenl is enabling trappers to 
find lobster habitat in deeper water and relocate their traps 
there. Some traps have been fished as deep as 350 feet, but 90 
percent are fished in waters of less than 90 feet 

From a modest beginning, seasonal landings rose follow
ing the second Worid War and peaked in the 1949-1950 season, 
when a record 1.1 miUion pounds were landed. A general 
decline followed for the next 25 years, reaching a low of 152,000 
pounds in the 1974-1975 season In tiie 15 seasons since then, 
landings have increased to 729,000 pounds in 1989-1990, the 
most recent complrte season. During this period, however, land
ings remained between 4(X),000 aixl 500,{X)0 pounds for nine 
consecutive seasons from 1979-1980 to 1987-1988. 

About 90 percent of lhe legal lobsters taken in the commer
dal fishery weigh about 1.25 to 2 pounds each, w hich produces 
the size of tail desired for restaurant trade. The price paid the 
fisherman has continued lo rise from an average of 70 cents per 
pound from 195910 1%5 to around $6,00 per pound at present 
An iUicit market also exists for "shorts" (undersized lobsters), 
as shown by citations issued to commerdal trappers and others 
for possession ofthese animals. 

Califomia spiny lobster, Panulirus interruptus. 

Commerdal and recrealionai lobster fishennen currently 
are restriaed to a mimmum size Umit of 3 1/4 inches carapace 
length (CL). The season for both historicaUy has run from early 
October to mid-March. Beginning in 1992, the sport season will 
open a few days earlier than the commercial season. Commer
cial fish traps, including lobster traps, must have a desima 
device ofa type approved by tiie Department ofFish and Game. 
This is to ensure that lost or abandoned tiaps do not continue to 
capture marine life indefinitely Since the 1976-1977 season, it 

has been required that lobster traps be fined with rectangular 
escape ports (2 3/8 b)' 11 1/2 inches) to minunize the retention 
of undersize lobsters. This requirement has been aedited witii 
reversing the downward trend in landings of legal lobsters 
which had occurred previous to that season 

Sport anglers need only a valid sport fishing Ucense and 
may use hoop nets or bare (gloved) hand w hen skin or scuba 
diving for lobster No appliance may be used although occa
sionally some sport divers iUegaUy employ a fish spear or a short 
hooked pole to snag the animals from deep crevices or caves. 
The daUy bag lunit for sport fishing is seven lobsters, reduced 
from 10 in 1971. 

Status of Biological Knowledge 

The CaUfomia spiny lobster ranges from Montere>' Bay, 
Calffomia, to ManzaniUo, Me.xico. There is also a small 
isolated population ofthis spedes at the northwestern end ofthe 
Guff of Calffomia The majority of the population is found 
between Point Conception, (Talffomia and Magdalena Bay, 
Baja Calffomia. Adult lobsters usually inhabit rocky areas from 
the intertidal zone to depths of 240 feet or more. 

Mating of spiny lobsters generally occurs from November 
through May. The male attaches a puit\-like packet of sperm to 
the underside ofthe female's thorax. When the female extrudes 
her eggs, they are feruUzed by sperm from the packet. Egg 
extrusion lakes place primarily in May and June in waler less 
than 30 feet deep. Females are "berried", cany ing lhe eggs on 
their taU, for about 10 weeks. The larger the size of ihe female, 
the more eggs she produces. Females sampled at San Clemente 
Island carried between 120,000 (2.6 inches CL) and 680,000 
(3.6 inches CL) eggs. 

Spiny lobster eggs hatch into tiny, transparent lanae 
known as phyllosoma that go through 12 molts. They have 
flattened bodies and spider-like legs and drift with the prevail
ing cunents feeding on other planktonic animals. Thev' may 
drift offehore out to 350 miles and may be found from the 
surface to a depth of over 400 feet. After five to nine months, the 
phyllosoma ti-ansform into tiie puenUus stage and may make a 
direaed remm to shallow coastal waters where ihcy settie to the 
bottom. At this stage, they are still transparent but look like 
miniature adults. Growth rates are variable but appear to be size 
and sex dependent. An annual growth rate of 0.15 inch CL has 
been reported for male spiny lobsters ranging from 2.0 to 3.5 
inches CL. For females in the same size range, the annual 
inaease was 0.19 inch CL 

The spiny lobster's shell senes as its skeleton and is 
refened to as an exoskeleton. To grow, a lobster sheds ils 
exoskeleton. This process is known as molting and is preceded 
by the formation of a new, soft shell under the old one, .An 
uptake of water expands the new shell before it hardens Right 
after a lobster molts, it is very vulnerable to predation and 
physical damage until ils new shell hardens 

MoU rales for the Calffomia spiny lobster arc assumed to be 
similar to tiiose ofthe Japanese spiny lobster ,A <) 24-inch CL 
specimen goes through 20 molls to reach 1 18 inches CL at ihe 
cndof its first year. Four molts during the second vcir »ill take 
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tiie carapace length to two inches, and there are three molts m 
the third year. It takes a lobster from 7 to 11 years to reach a legal 

I si zeof3.25 mchesCL. After spiny lobsters reach2.5inchesCL, 
' an armual molt foUowing the reproductive period appears to be 
the norm. Growth rate or period between molts can be influ
enced by waler conditions as weU as liy the age, healtii, and sex 
ofthe individual. 

Juvenile lobsters usuaUy spend their first two years in 
nearshore surfgrass beds. Subadults have also been fotmd in 
shallow rocky crevices and mussel beds. Adult lobsters are 
found in rocky habitat, altiiough they also wiU search sandy 
areas for food During the day, spiny lobsters usuaUy reside in a 
CTevice or hole dubbed a den More than one lobster is usually 
found in a den At night, the animals leave their dens to search 
for a wide range of food. Adult lobsters are omnivorous and 
consume algae and a wide variety ofmarine invertebrates and 
fish. Lobsters are eaten by sheephead, cabezon, kelp bass, 
octopuses, Calffomia moray eels, hom sharks, leopard sharks, 
rockfishes and giant sea bass. 

A large portion of tiie spiny lobster population makes an 
annual offshore-onshore migration that is stimulated by 
changes in water temperamre. During winter months, male and 
female lobsteis are fouiid offshore at depths of 50 feet and 
deeper, allhough individuals ofboth sexes have also been found 
in shallow water Ui winter. In late March, AprU and May, 
lobsters move into the warmer onshore waters of 30 feet and 
less. The higher temperamres onshore shorten the development 
time for lobster eggs. Nearshore waters also have a more 
plentifiU supply of food In lale September and Oaober, the 
onshore waters cool and most lobsters move offshore. Winter 
storms that cause increased wave action in shaUow water 
encourage this movement Lobsteis generaUy move afler dark 
and in small groups aCToss the sand 

Califomia spiny lobsters of both sexes reach maturity at 
five or SLX years and 2.5 inches CL. After maturity, male lobsters 
grow faster, Uve longer and reach larger sizes than the females. 
Males can live up to 30 years, and females at least 17 years. 
There are records ofbull Calffomia spiny lobster weighing over 
26 pounds and attaining total lengths up to three feet Today, 
lobsters over five pounds are considered trophy size. 

Status of Population 

It is not known how many CaUfornia spiny lobsters there 
are. However, fishing regulations appear adequate to guarantee 
tiie existence of die population. Commercial landings generally 
have increased since the 1974-1975 season. No measure ofthe 
reaeational catch exists. 

Limiting the time of year when fishing occurs and the 
minimum size of lobsters taken helps to ensure the existence of 
tiie population. The closed season protects female lobsters while 
tiiey are carrying eggs and protects both sexes while they are 
molting and vtUnerable to damage. The size limit ensures that 
there will be several year classes of brood stock even ff all legal-
size lobsters jire caught each season 

Kristine C. Barsky 
Phillip G. SwartzeU 

Califomia Department ofFish and Game 
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CRUSTACEAN RESOURCES: DISCUSSION 

CaUforrua's marine crustacean resources are numerous 
and diverse. In addition to the crab, shrimp and lobster re
sources presented in this volume, otiier crustacean resources 
range from the sand (mole) crab fanuliar to beach-goers, to mud 
flat burrow-dweUing ghost shrimp, to a variety of attached 
bamacles. Besides crustaceans which are the subjea of com
mercial or recreational harvests, many other spedes of crusta
ceans inhabit Calffomia marine waters where they form impor
tant fimctional components ofmarine ecosystems. 

The nine crustacean groups presented here are among the 
most important and well known in Calffomia They cover the 
geographic range of our marine wateis, with ocean shrimp and 
Dungeness crabs in the north and spiny lobster and ridgeback 
prawns in the south. Hanest methods range fiom trawls puUed 
by large ocean-going vessels (shrimp), to traps fished from 
smaller boats (lobsters, crabs, and prawns), to ring nets and bare 
hands (recreational lobsters and crabs). 

Commerdal crustacean harvests have grown in recent 
decades in terms of volume and number of species targeted 
Total mean annual hanests during the ckcades ofthe 1970's 
and 1980's were 17.2 mUUon pounds, up from 11.2 mUUon 
pounds during the 1960's. The spedes or groups reported in the 
hanest have inCTeased from six in 1960 to 15 in 1990 Cnista
ceans are baditionally high-value fishety products. In 1990, the 
total crustacean commercial harvest of over 24 miUion pounds 
represented only six percent of Calffomia's total commeidai 
landings but made up over 18 percent of total landed value at 
$28.7 miUion 

Reaeational hanests ofcmstaceans center around crabs 
and spiny lobster Dungeness and rock crabs are targets of 
scattered recreational effort throughout Calffomia. However, it 
is the spiny lobster which supports an intense and popular 
reaeational fishery in southem Calffomia Most lobsters are 
caught by divers with their hands, whUe some are also taken in 
baited nng nets from skiffs, piers and jetties. Many divers have 
developed specialized techniques and vast stores of local 
knowledge in pursuit of lobsters. A commercial passenger 
fishing vessel industry which caters to divers schedules spcaal 
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uips during lobster season The lotal size of the reaeational 
lobster hanest is not known, but a recent Federal suney 
estimaied over 115,000 individual trips targeting spiny lobster 
in 1989. 

Management of crustacean resources ui Calffomia has 
foUowed a traditional approach. Measures such as minimum 
sizes, closed seasons, gear or equipment resttictions, bag limits 
and closed areas have been used to help protect stocks, sustain 
hanests and allocate the resource. Commercial fisheries for 
crustaceans are currentiy not under lunited access or entiy 
regulations. However, opportunities to participate in many 
cither Calffomia fisheries have been increasingly restricted. 
Under such conditions, the open-access crustacean resources 
have attracted inCTeased attention and may be candidates for 
fimher management restriaions, including limited entry sys
tems, to prevent over utUization 

A variety of Ufe-history pattems which need to be consid
ered when making management decisions are found in 
Calffornia's cmstacean resources. Some appear to be long-Uved 

and slow growing (spiny lobster, sheep crab); oihers have short 
Iffe spans and can undergo rapid inCTeases or decUnes in 
population size (ocean shrimp and ridgeback prawn). Separate 
subpopulations of Dungeness crabs and ridgeback prawns may 
e.xist within (Talffomia The spiny lobster population is shared 
with Mexico, and ocean shrimp and Dungeness crab popula
tions span the Oregon border Management and fishing prac
tices m tiiose poUtical entities may affea Calffomia's portion of 
such shared resources. 

Future management and research on Calffornia's crusta
cean resources should focus on more frequent and effident 
resource assessment methods and a better understanding ofthe 
various factors, both natural and human-uiduced, which deter
mine population levels and patterns of change. With such 
information at hand, resource managers will be better able to 
match the growing demands on Calffomia's cmstaceans with 
their productive capacity. 

David Parker 
CaUfomia Department ofFish and Game 
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MOLLUSK RESOURCES 

LITTLENECK CLAMS 

History of the Fishery 

There are seven spedes commonly known as "Uttleneck 
clams" or "chiones": banded chione ( Chione califomiensis), 
smooth chione (Chione jiuctifraga), wavy chione (Chione 
undatella), rough-sided Uttleneck (Pmtothaca laciniata), com
mon Uttieneck (Protothaca staminea), thin-sheUed Uttieneck 
(Protothaca tenerrima) and Manila clam or Japanese Uttieneck 
(Tapes philippinarum). They are grouped here because tiiey are 
regulated by an aggregate bag and size limit AU are members of 
tiie family \^neridae (\%nus clams) and aU but the Manila clam 
are native to Calffomia. The Manila clam is a native of die 
Orient and was intrtxluced unintentionally into Calffomia 
waters in the 1930's. 

Although seven species have been aggregated for regulat
ing moUuscan resources, only four (smooth chione, wavy 
chione, common Uttleneck and Maiula clam) are of major 
importance; they comprise more than 95 percent ofthe Uttie
neck clam hanest in Calffomia. Smce commerdal clammers 
are restricted to the same daily bag and size Umits as sport 
fishers (50 clams, aU spedes combined; minimum length 1.5 
uiches), it is not feasible for them to make a Uving hanesting 
these bivalves. Thus, most exploitation is by sport diggers. 

All digging is by hand (with rake, shovel, garden hand 
fork, or û owel) and is carried out m intertidal areas during 
daylight hours, generally at low tides of 0.0 fert or less. 

Common littleneck, Protothaca staminea. 

Status of Biological Knowledge 

The three spedes of chiones occur south of Pomt Concep
tion on mud and sand flats of sloughs and bays, primarily in the 
Uitertidal zone. Banded and wavy chiones may, however, occur 
subiidally to a deptii of 165 feet 

Thin-sheUed and rough-sided littienecks are both uncom
mon in Calffomia except m Alamitos Bay (Los Angeles 
County) where tiie latter spedes is abundant Thin-sheUed 
UtUenecks occur throughout the state in firm, sandy mud of 
bays, in the low uitertidal zone, and offshore to a depth of 165 
fert. They occupy bunows up to 16 inches deep. Rough-sided 
Uttienedcs occur in Calffomia from Monterey Bay south to the 
Mexican border in sand or muddy sand in bays, the low 
mtertidal zone, and in adjacent shallow subtidal areas. Larger 
individuals may burrow up to 12 inches below the surface. The 
locaUy abundant population in southem Calffomia is in water 
too deep for stand-up diggers, and the underwater visibUity is 
too poor for skin drveis to harvest them. 

The common Uttieneck occurs throughout (Talffomia in 
bays, coves and cobble patches along the outer coast in the 
middle and low intertidal zones. This species generaUy occurs 
within six uiches ofthe surfece and deep digging is not required 
for hanesting. Clam beds known to resident sport diggeis 
receive rclatively heavy exploitation during minus tides. Other 
clam beds remain underutilized due to difficulty of access or 
lack of pubUc awareness. This is one ofthe most abundant clams 
on the west coast and is highly esteemed for food 

The Manila clam continues to e.xpaiid its range on the west 
coast and now occurs from soulhem Calffomia to British 
Columbia. It is particularty abundant in San Frandsco Bay and 
other estuaries to the north in the intertidal zone. It is easUy dug. 
as it generally occurs within two inches ofthe surface. It prefers 
a substrate of coarse, sandy mud witii a mixture of larger gravel 
and cobbles and may attach itseff with byssal threads to any 
suitable substrate, including broken glass or ceramics. It also 
occuis sub-tidaUy in the extensive oyster sheU beds of soutii San 
Frandsco Bay 

Maximum length ofthe three species of chiones is approxi
mately 2.5 uiches. Of the four types of Uttienecks, the thin-
shelled is the largest, attaining a length of 4.3 uiches. The other 
three spedes reach approxiinately three inches in length. 

Of Uie seven ̂ xdes, Iffe histoiy mformation is best known 
for the Manila clam population in San Frandsco Bay. By 
examining the length-frequency distrilnition of a strong year 
class over time, minimum legal size was estimated to be reached 
in 2.5 to 3 years. This was verffied by examining intemal and 
extemal growth rings on the shells formed each year in the feU 
as growth slows down or ceases. Maximum age is estimaied to 
be eight or nine years. 

ManUa clams have a three-week planktoruc lanal period 
They are first recognizable in the substrate at about 0.04 inch. 
At 0.75 to 1.0 uich, they are capable of reprodudng and are 
repeat spawners. The primary spawning period is late spring to 
early summer, and they are known as dribble spawners. releas
ing eggs and milt over a prolonged time period. A secondaiy 
spawning period is thought to occur in tiie winter Sexes are 
separate, as tiiey are in aU Uttleneck clams. 

Namral monality of sublegal Manila clams may be as high 
as 50 percent per year. Known predators include bat nv s. mud 
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crabs, lined shore crabs. Cancer crabs, channeled whelks and 
scoter ducks. Laige clams are capable of movements of up to three 
feet during a smgle tidal cyde, allhough marking smdies have 
shown virtually no nrt movement over a several-month period 

Common littienedc clams have a similar early Iffe histoty 
and are capable of reproducing at about one inch m lengUi. In 
southem CaUfomia, they may reach the minimum legal size in 
one to 1.5 years. Extemal growtii checks are promment on the 
shell but these are not annual rings. The spawning season in 
southem (TaUfomia is generaUy from March through July. 

Meat yield from hanested Uttieneck clams has been esti
mated A limit of 50, 1.7-inch common littienecks yields 9.5 
oiwces of meat, while a Umit of 2.5-inch clams would provide 
24.5 ounces. In contrast, a linut of SO Manila clams from San 
Frandsco Bay with a typical mean length of 1.6 inches would 
yield 6.4 ounces of meat 

In the past UtUenedc clams have been cultivated and 
tt^uisplanted. Aquaculturists have reared the Mamla clam from 
0.25 inches to 1.5 inches in 10 months with 64 percent survival. 
Manila clams were transplanted in 1953 from San Francisco 
Bay to several southem CaUfomia bays and sloughs. Many of 
the transplants survived for more than a year but there was no 
namral repioduction. 

ploited Heavy mnoff from a neaiby creek in 1969 caused 
expansive sanding-in ofthe cobbles and destroyed much ofthe 
bed Recovery time was estimated at five years. 

Little is known about die populations ofthe otiier Uttleneck 
species. The smooth chione is in danger of extinction in areas 
w here hartxirs are being developed. Habitat loss or degradation, 
particularly by man-uiduced or natural sUtation, can cause 
permanent population reduaions. Extreme variations in physi
cal conditions, such as rainfall, can depress populations 
dramaticaUy. 

Paul N. Redly 
CaUfomia Dqaitment ofFish and Game 
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Status of Population 

In 1981, population estimates of Manila clams were de
rived for beds in San Frandsco Bay. In the 10 most important 
beds, the peak estimate in the summer was 19.3 mUUon clams 
with 3.4 miUion of legal size. One bed in south San Francisoo 
Bay, covering anJroximaiely 75,000 square feet, has been 
suneyed annually since 1980; population estimates have 
ranged from 80,000 to 1,525,000. For die highest estimate, only 
two percent of the population was of legal size. Smce 1980, 
maximum density of legal-sized clams in this l>ed has been 2.S 
per square foot. Densities of juvenile Manila clams may exceed 
100 per square foot in the most productive intertidal beds. 
TvpicaUy, intertidal densities in San Francisco Bay range from 
20 to 40 per square foot during years of good recruitment. In the 
subtidal shell beds, density averages one-tenth of that in the 
uitertidal zone. 

Suneys of clammers in San Frandsco Bay in 1981 resulted 
Ul an estimated annual total effort of 900 user days. However, 
water quaUty problems have limited and stUl limit reCTeational 
hanest opportunities. 

Small beds of common littleneck clams are generally the 
rule in northem CaUfomia One lied ui San Mateo county has 
sustained an annual hanest estiinated to exceed 10,000 clams. 
San Onofre, in southem Calffomia, contains an uitertidal 
cobble bed over one mile in length and at least 115 fert wide. A 
1967 population estimate yielded 4.5 milUon legal-size clams; 
however, the bed had never been open to Uie public before the 
suney. In terms of legal Umits, this bed could have furnished 
90,000 user days of recreation. 

The cobble beach at San Onofre probably is die most 
productive bed of litUeneck clams ui the state. However, the 
population is unstable and fluctuates greatiy even when unex-

PISMO CLAM 

History of tf>e Rshery 

The Pismo clam, (Tivela stultorum) has lieen found in 
25,000-year old Pleistocene (ice age) deposits and in Indian 
kitchen middens 200 to 2,(XX) years old Indians used the clam 
for food and the shells for digging, scraping and ornaments. 
The name Pismo comes from tiie Indian word pismu meaning 
tar, deposits of tar are found in the Pismo Beach area 

Records of the commercial hanest of Pismo clams began 
in 1916and were kept through 1947, when die commercial take 
in Calffomia was prohibited. During that period, approxi
mately 3,137 tons were commerdaUy hanested. The majority 
were harvested from the Pismo Beach and the Morro Bay areas, 
with a small percentage from Monterey Bay. Average annual 
hanest was 98 tons. Landings ranged from ahigh of 332.8 tons 
in 1918 to a low of 13 tons in 1945. Approximately 98,600 
clams (average two pounds each) were hanested annuaUy with 
a high of 334,700. They were purchased by restaurants, were 
sold whole and canned in markets, and were used as bait and 
animal food. 

The unpoitation of Pismo clams from Baja Calffomia 
occurred as early as 1919 and continued through 1%2 (232.2 
tons). Most of the imported meat was canned. After 1962, 
unports into the United States are not identffied by species, but 
commerdal clamming continues at several locations in Baja 
CaUfomia Hooka gear is used to hanest small (four inch) 
clams at a rate of 1,000 per hour at Bahia Tortugas. 

The usual method of coUection by today's reaeational 
clammer is by means ofa four- to six-tined garden fork. During 
low tide the clammer selects a seaion ofbeach with exposed wrt 
sand or water of wading depth and probes ui the sand uniU 
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encountering a clam. Another method is to shuffle one's bare 
feel along the bottom until a siphon or shell is felt. Pismo clams 
can also be found by looking for the haff-inch-long tufts of a 
hydroid which attaches to the shell and is exposed above the 

'sandy surface. Divers search for the clams by probing with a 
knffe or looking for exposed shells or siphons. Regulations 
require the immediate measuring and reburial ff the clam is less 
than the minimum legal size. 

Pismo clams have a distinctive and excellent flavor; tiiey 
are prepared as chowder and seafood cocktaU, and are also fried 
and eaten raw. Unfortunately, they have been impUcated in 
several human fataUties involving paralytic shelffish poison-
Uig. Pismo Beach presently provides the best Pismo clamming 
in Calffomia despite the loss of die fishery from 1982-1990 due 
to sea otter predation. The number of Pismo clammers m 
CaUfomia is not known, but in late 1990 and early 1991 an 
estimated 500 clanuners were on Pismo Beach at one time. 
Reaeational clamming is regulated liy bag liinits, a minimum 
size, and closed seasons and areas. The objective of these 
regulations is to prevent the depletion of the clam population 
and to maintain a population of sexually mature clams that have 
a chance to spawn several times before being hanested 

Pismo clams, Tivela stultorum, have a variety of color pattems. 

Status of the Biological Knowledge 

The shell ofthe Pismo clam is thick, heavy and strong, and 
lhe outside is smooth wilh fine concentric growth Unes. The 
inside ofthe sheU is white and the outside has a vamish-like 
periosiracum, usually yellowish, tan or greenish, SheUs of 
individual clams vary considerably in Ixilh color and pattern, 
ranging from pale beige to brown, occasionally with brown 
radiating marks running from the umbo to the margin on a light 
background. The Pismo clam is about 0.009 inch at metamor
phosis and may grow to over 7.3 inches in length. 

The historic range of die Pismo clam was Half Moon Bay, 
Califomia to Socorro Island, Baja Calffomia, including the 
Channel Islands off Santa Barbara. However, it has not been 
found at Haff Moon Bay for decades and its present range 
extends only as far north as Monterey Bay. It is found in the 

uitertidal zone and offshore to 80 feet on relatively flat sandy 
beaches of the open coast Occasionally it is also found in 
entrance channels to bays, sloughs and estuaries. Because of its 
short siphons, the Pismo clam generally lives close to the 
surface ofthe sand and seldom burrows deeper than six inches, 
but has been found eight to 12 uiches deep in southem CaUfor
nia The clam charaaeristically orients verticaUy witii the 
hinge and e.xcurrent siphon toward the ocean, the mantie edge 
and incurrent siphon toward the beach, and the Ugament at the 
center ofthe hinge oriented up. Bunowing is accomplished by 
moving the foot rapidly to loosen the surrounding sand. Then 
jets of water ejea the loosened sand up along the sheU sides, and 
tiie weight ofthe clam and puU ofthe foot together drag the clam 
down through the sand 

In the majority of Pismo clams the sexes are separate witii 
equal numbers of males and females. They are mature at one 
year in southem Calffomia and two years in cenoal and 
northem CaUfomia. The smaUest known mature clam ui 
southem CaUfomia was 0.7 inch and in northem Calffomia 
was 0.5 inch. 

Spawning can occur anytime, but the majority spawn from 
June to September. The number of eggs per female increases 
witii increased shell size and ranges from 10 to 20 million eggs 
per female, wilh an average of 15 mUUon per five-uich female. 
In laboratory-held clams, egg numbers were roughly propor
tional to clam size. The number of eggs ranged from as many as 
4.7 miUion in a 2.9-inch female to 0.4 miUion m a 1.2-mch 
female. Eggs range in diameter from 0.00296 to 0.003 24 inch. 

The lanae metamorphose, settie to the sandy bottom and 
attach themselves to the sand grains by means ofbyssal threads. 
After several months, when the clam is more able to maintain a 
position on the sandy bottom, the byssal threads degenerate Ui 
laboratoiy culturing experiments, fertUized eggs hatched uiio 
lanae in approximately 48 hours. Larvae 60 to 72 hours old 
displayed unusual behavior by settiuig to the txittom ar<d 
remaining benthic or near-benthic throughout lan-al develop
ment However, other spedes being cultured failed to exhibit 
this benthic phenomenon If lan'al Pismo clams in nature also 
exhibit abenthic phase, larval transport by nearshorecurrems may 
be Umited Larvae larger tiian 0.009 uich and 22 to 50 days old 
have completed metamorphosis, developed a fool, and buried 
themselves in the sand At day 120, post-larval clams (0.O48 inch) 
have die triangular appearance of an adult No byssal tiireads were 
obsened on laboratoiy-cultured post-larval Pismo clams. 

Linle is known of post-larval conditions Ui namre; how
ever, in laboratoiy cultures post-lanal growth was relatively 
slow, and sunival generally poor Although spawning probably 
occurs every year, it is not always measurably successftU. 
Considerable numbers of years have gone by during which 
virtually no young-of-the-year clams settied on beaches Re
cruitment success appears to be influenced by oceanographic 
condilions (water temperature, currents), which in tum influ
ence phvtoplankton availabUity. Unfortunately, the necessary 
conditions for optimum spawning success are not know-a 

The Pismo clam is a filter feeder Water taken in through 
die incurrent siphon passes over the gUls, where food paruclcs 
arc removed. Food includes organic and inorganic paruclc* 
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such as phytoplankton, baaeria, zooplankton eggs, sperm, and 
detiiios from the disintegration of plants and animals. The 
mhalant siphon has a very fine net of deUcately branched 
papiUae across the opening, forming a screen that excludes the 
entrance of large particles but permits the intake of water and 
food particles. Despite this elaborate system, haff of lhe stomach 
contents is sand An actively feeding three-inch clam filters as 
much as 15 gaUons of water per day 

The age of Pismo clams has l)een determined by observa
tion of marked mdividuals and by growth rings on the sheU. In 
CaUfomia a growth ring is generaUy formed during the winter 
months when water temperatures are cool and food abundance 
is relatively low. In Baja Calffomia, most clams form a growth 
ring during the August-Oaober period, altiiough some may 
form a ring at any time of the year. Growth is continuous 
throughout the clam's Ufe, with the average length uiaeasing 
by approximately 0.84 inch per year for the first three years. 
Inaeases ui shell length are greatest m spring, summer and 
early faU. Growth ofolder clams is slow. Atage 10,the uiaease 
m sheU length is usually not more than 0.2 inch pei year. The 
minimum legal size of 4.5 inches is reached in about five years 
but may not be reached untU eight or nine years. At Pismo 
Beach, clams reach 4.5 inches between ages seven and eight 

The oldest and largest Pismo clams on record ftom (Califor
nia were both taken from Pismo Beach. The oldest, taken in 
1929, was estunaied to be 27 years old and was 6.88 inches long. 
The largest was laken in 1930, measured 7.32 inches, and was 
estimated to be 23 years of age. Several Pismo clams from Baja 
(Zalffomia have been aged at over 43 years. The smallest Pismo 
clam recorded from natural habitats was 0.92 inch long. 

Pismo clams have many predators, including moon snails, 
rock crabs, sharks, round stingrays, some surf fishes such as the 
Califomia coibina in southem Calffomia guUs, sea otters and 
mart The extension ofthe sea otter's range to Monterey Bay 
(1972), Mono Bay (1973) and Pismo Beach (1979) precluded 
the reCTeational fishery for Pismo clams in those areas untff the 
latter haff of 1990. Otters were estimated to have eaten 520,000 
lo 700,CKX) Pismo clams in one year at Monterey Bay. A single 
sea otter was obsened to eat 24 clams in 2.5 hours. In 1990, 
legal-size Pismo clams were again found at Pismo Beach, the 
first since 1981. 

Parasites of the Pismo clam include a polychaae worm 
which bores into the clam sheU and lanal cestodes which have 
been found uiside the dam as 0.15-inch diamrter yeUowish-
white cysts. The cestodes can impair the clam's sexual develop
ment but are not harmfiil to man ff eaten. Commensal pea crabs, 
occasionally found ui the mantie cavity, feed on food particles 
coUected by die clam's giUs. 

Status of Population 
The Department ofFish and Game first examined Pismo 

clam recruitment in 1919, and annual suneys have been 
conducted from 1923 to 1991 to obtain mformation on age 
recruitment year class strength, and exploitation trends. 
Through 1948, only Pismo Beach was suneyed Mono Bay. 
Cavucos, and beaches from San Diego County to Santa Barbara 
C!ounty were subsequently included. 

During the storms of 1982-83, Pismo clam fxipulations 
along southem Calffomia beaches were severely depleted, 
resulting in Unle or no clamming after 1983. The Pismo Beach 
clam populations had three successive strong year classes 
(1986, 1987, and 1988), resulting in die largest number of 
sublegal clams ever recorded from suneys on Pismo Beach. 
Because ofthe exceptional recruitment in the Pismo Beach area 
and low abundance in southem Calffomia, 10,000 clams were 
fransplanted from the Pismo Beach area to Huntington State 
Beach in 1989. The first follow-up suney found only 142 
clams, the second only 14 clams and three partial sheUs. 
Biologists are uncertain as to tiie fete of the clams. Also, 
approximately 1,000 clams were transplanted within die Chan
nel Island National Park. 

In 1990, recniitinent of young Pismo clams appeared to be 
a widespread phenomenon along southem and central CaUfor
nia from San Diego to Pismo Beach. Densities were docu
mented at Pismo Beach and \%ntura County beaches of 26 
clams per square foot (one- to six-year olds) and five clams per 
square foot (one- to three-year olds), respectively. 

No population estimates have been made for the total 
Pismo clam resource in Calffomia; however, it appears to be in 
a healthy state in a number of areas in southem and central 
Calffomia. Whether successful recruitment will result in ongo
ing reaeational fisheries in Ught of continuing huinan and sea 
otter population growth is unclear. 

Christine A. Pattison 
Calffomia Department ofFish and Game 
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PACIFIC RAZOR CLAM 

History of Fishery 
The Pacific razor clam (Siliquapatula) is one ofthe tastiest 

food clams in Calffomia and is diligentiy pursued by sportsmen 
on the beaches where it is abundant. The best Calffomia 
beaches for razor clams are in Del Norte and Humboldt 
counties. Before 1949, a small commercial fishery existed, but 
only a few pounds of clams were ever sold Commeraal fishing 
for razor dams is presentiy prohibited. 
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There were no seasonal restrictions on razor clamming 
until 1953. Due to a decUne iri die numbers of larger clams at 

time. Clam Beach in Humboldt County was divided into a 
rth and soutii beach to limit fishing effort seasonaUy The 

south lieach was open to clamming only in odd-numbered 
years, while the north beach was open during even-numbered 
years. A similar restriction went into effect for the razor clam 
bed at Crescent City, Del Norte (County in 1955. 

A 1960 smdy on Clam Beach concluded that the alternate-
year closures were responsible for a decUne in older and larger 
clams on the south beach because of the concentration of 
clammers there As a result aU of Clam Beach was opened to 
clamming from 1971 to 1973. During that three-year period, 
catch and effort were monitored and pubUc reaction noted. It 
was found that instead ofbeuig evenly distnbuted, 86 percent of 
the clamming effort took place on the nonh beach. The high 
piessure on the north tieach resulted from a combination of easy 
access to the north beach, difficidt access to the south beach, and 
much greater clamming success on North Clam Beach than on 
South Clam Beach. There was also a strong sentiment among 
clam diggers to retum lo alternate year closures because of the 
declining average size of clams. In 1974, the alternate year 
fishing pattem w as reinstated with the north beach open duri ng 
odd-numbered years and the south beach open during even-
numbered years. In the years immediately foUowing the rein
statement die catch per digger and the average clam size 
inaeased significantiy. 

A daUy bag lunit of 30 razor clams was changed to 20 m 
1963. In addition, aU clams dug were required to be kept 
regardless of size or broken condition 

Pacffic razor clam, Siliqua patula. 

Status of Biological Knowledge 

The Padfie razor clam ranges from westem Alaska to 
Pismo Beach, Calffomia and is generally found on flat or 
gently sloping sandy lieaches with a moderate to heavy surf 
Razor clam shells are long and thin, with fragile, shiny valves, 
not what one would expect in a surf-loving animal. Being an 
exceUent burrower, it depends on digging speed for protection 
from w ave shock. Individuals laid on top ofthe sand have buried 
themsehes completely m less tiian seven seconds. A digger 
must work quickly to capttue a clam before it bunows to depths 
that are difficult to reach. At the surface ofthe sand, tiie clam 
assumes an almost vertical position witii only siphons exposed. 

Water is drawn uito the inhal ant si phon by a cunent set up by the 
action of dl ia 1 ining the mantie cavity. As water is passed across 
the giUs, planktonic food organisms are guided by dlia and a 
pair of palps to the mouth. Respiraioiy exchange takes place as 
the watei passes over the gUls, and waste products are passed 
out in the water through the smaller exhalant siphon 

The Ufe cycl? of the razor clam is typical of most clams. 
Sexes are separate, fertUization is external and free swimming 
lanae develop three or four days after fertUization. Approxi
mately eight weeks later, the larvae settle mto the sand and the 
juvenile phase of Iffe begins. Sexual maturity in razor clams 
may be related to size as weU as age. WhUe maturity is 
commonly achieved at a lengdi of about four inches, die age at 
maturity varies with geographic location but is usually at an age 
of two years in Calffomia. The optimum temperature for razor 
clam spawning is around 55° F. Razor clams usually spawn in 
May and June in Calffomia, mid- May to July in Washington, 
and as late as August ui Alaska 

Razor clams attain their maxunum rate of growth during 
their first year of Ufe. The growth rate remains high through the 
second or third year, after which it slows maikedly. The largest 
razor clam on record in CaUfomia was a seven-inch specimen 
laken from Clam Beach m 1979. 

The mortality rate of razor clams on Clam Beach increases 
rapidly after the third year oflffe, with few clams Uving to be 
seven yearsold. In the northem part ofthe range, the maximum 
age is greater Razor clams in Alaska live 18 or 19 years but the 
typical Ufe-span is shorter 

Status of Population 

There are only three areas along the coast of Calffomia 
which have had significant populations of Pacific razor clams. 
The Pismo Beach-Morro Bay area supported a very smaU sport 
fishery which has diminished over the years. Currently, this 
population is quite small and seems to consist mostly of one- or 
two-uich individuals. The Clam Beach and Crescent City 
fisheries are sunilar to each other in several respects. Both beds 
are divided into north and south beaches with alternate-year 
closures ui effect In both areas, the northem tieach was more 
heavily fished and more productive than the southem beach for 
many years. This is no longer true in Crescent City as the 
southern beach has shown an increase in effort and in catch per 
digger during the 1980's. 

No population estimates are available for any of 
California's razor clam beds. Beginning in 1974, a sampUng 
scheme was initiated to provide estimates of total catch and 
effort for Clam Beach. Estimates of armual catch, number of 
diggers and annual catch per digger (C/D) were made for the 
V cars 1974 tiuough 1989 for North and Soutii Clam Beach and 
for tiie years 1980 tiirough 1989 for Moonstone Beach. Esti
mates of annual clam catch for North Clam Beach ranged from 
1.100 to 116.400; for Soudi Clam Beach die range was from 
zero to 45.500; and for Moonstone Beach the range was from 
zero to'4 800 The annual estimated number of diggers ranged 
from KW) to 12.670 on Nonh Clam Beach, from 220 to 6.900 on 
Soul h Clam Beach, and from 50 to 5,510 on Moonstone Beach. 
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Annual C/D for North Clam Beach, Soutii Clam Beach and 
Moonstone Beach ranged from 1.3 to 9.5,0.0 lo 6.6 and 0.0 to 
13.9 clams, respectively Catch, effort and C/D exhibited no 
particular trends but fluctuated over time. 

Patrick C. ColUer 
CaUfomia Department ofFish and Game 
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GAPER CLAMS 

History of the Fishery 

The fishery for the gaper clams, the Pacific gaper (Tresus 
nuttalli) and the fat gaper {Jresus capax), is almost exclusively 
sport; however, the Fish and Game Code provides that these 
clams may tic hanested commerdaUy in Humboldt Bay for 
daUy restaurant or markrt orders and by special bag limits. For 
the 20-year period from 1950 to 1970, annual commerdal 
landings averaged 1,000 pounds with a maximum of 6,000 
pounds and a minimum of 200 pounds. More stringent public 
health regtUations concenung the marketing of shellfish and 
the retirement ofa long-time commercial clammer essentially 
eliminated the commercial clam fishery in the eariy 1980's. 

These species are the object ofa heavy sport fishery that 
lakes place in intertidal areas of bays with sand and mud 
bottoms. Humboldt Bay, Bodega Bay, Tomales Bay, Drakes 
Estero, EUdiom Slough and Morro Bay are popular digging 
areas. At Tomales Bay, which is one of the major produdng 
areas, as many as 1,200 people have been counted during one kiw 
tide on the two sand bars. These popular areas are caUed Clam Bar 
and Seal Bar and can be reached only by boat With a legal Umit of 
10 gaper clams per day, an estimated 11,0(X) people dig there each 
year and take about 55,000 clams. The gaper dam catch in otiier 
areas of Tomales Bay is quite smaU compared to this area 

Gaper clams are also abundant in Humboldt Bay, where the 
number of sport fisherman has averaged about 4,300 diggers for 
the past 10 years. While the number of sport fishermen is not as 
great as in central Calffomia areas, espedally Tomales Bay, the 
estimaied take (56,000) is approximately the same, as the bag 
Umit m Humboldt Bay is higher. 

Utilization of gaperclams has maeased through the years, 
and it appears that it will continue to increase in proportion to 
population growth in the coastal counties where these clams 
occur. There is no season or size lunit but there are bag Umits 
set for sport and commerdal hanesting. An angler may take 10 
clams per day throughout the state, except in EUdiom Slough 
where tiie limit is 12 clams per day and in Humboldt Bay where 
a take of 25 clams per day is aUowed The faa that gaper clams 
have relatively thin sheUs which do not close tightiy enough to 
maintain their moisture restricts the commerdal use of these 
clams to a fairiy local market 

Showing off gaper clam catch from Tomales Bay. 

Diggeis generally use ski£& to grt to the better clam 
digging areas. Transportation by barge is available to Seal Bar 
and Clam Bar in Tomales Bay. Shovels are used to dig the 
clams, which may be as deep as four fert in sand or mud In more 
muddy areas, PVC pipes about 12 to 15 inches in diamrter are 
often used to assist in getting to deep clams by preventing the 
hole from caving in. 

Gaper clams generaUy are used in clam chowder or fried 
and sened as a main meat dish. 

Pacffic gaper clam, Tresus nuttalli. 

Status of Biok>gicai Knowledge 

Gaper dams are found from Alaska to Scammon's La
goon, Baja CaUfomia. Both spedes live in fine sand or firm 
sandy-mud bottoms in bays, estuaries and mort ihdiered outer 
coast areas. They are found from the intcrudai mnc to depths of 
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at least 150 feet. The Pacffic gajjer is the most commonly taken 
gaper clam in Calffomia A closely related spedes, the fat 
gaper, is the predominant gaper clam taken in Humboldt Bay, 
where it is veiy common in the intertidal zone. Further south, 
lhe fet gaper occurs mostiy subtidaUy but can make up to five 
percent of the catch taken in the intertidal zone at Tomales Bay 

Reproduction occurs year around in central Calffomia but 
is predominant during spring and peaks in the montiis of 
February and April. Upon completion of a free-swimming 
lanal stage, the young gaper clam setties down to a fixed 
position and comparatively inactive existence. About the only 
movement is downward as the clam grows older and increases 
Ul size. After reaching a size of about three inches, Uttie 
downward movement occurs. 

Age and growth studies reveal that most gaper dams taken 
in central Calffomia range from about three to eight years old 
For the first four years, tiie clams average about Mie inch of growth 
m length per year. The growth rate appears to stow down after this 
period Gaper dams Uve to a maximum age of 17 years and can 
anain a length (tf 10 mches and a vwight of around five pounds. 

The gaper clams reach sexual mamrity and spawn at about 
two lo three years of age At this time, they are two to2.75 inches 
in size. Spawning appears to l>egin in the spring, coindding 
with the seasonal water temperature minimum. 

Gaper clams are suspension feeders, feeding on suspended 
particles which include phytoplankton and deuitus. In mter
tidal lieds, feeding occurs during the high tide period. 

Status of Population 
Although densities of gaper clams in areas of certain bays 

have been determined, complete uitertidal and subtidal popula
tion estimates have not been made. Gaper clams have tieen 
found Ul densities of up to 20 clams per square foot, wilh a 
density of two clams per square foot considered commerdaUy 
viable. Intertidal siphon counts by biologists using a stratified 
random sampUng design on Clam Bar in Tomales Bay suppUed 
data for estimating intertidal population sizes of 540,000 gaper 
clams in 1968 and 430,000 ui 1969, No population estimates 
have been made for the total gaper dam resource in Calffomia 
however, txiih the intertidal and subtidal resource appeais to be 
in a healthy state. Subtidal populations are relatively unavail
able and unused by sport clammers and may provide a spawn
ing refiige. Spawning stock reserves seem adequate to sustain 
the population 

Thomas O. Moore 
Califorma Department ofFish and (jame 
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WASHINGTON CLAMS 

History of the Fishery 

The Washington clam fishery is almost exclusively a sport 
fishery. The Fish and Game Code provides for commerdal 
fishing in Humboldt Bay by daUy maikrt or restaurant order 
and by special bag limits. These clams are highly perishable and 
are dug as reqiured and consumed locaUy. From 1954 to 1963, 
commerdal landings averaged 5,000 pounds per year, with a 
high of 11,000 pounds m 1956 and a low of 2,000 pounds in 
1960. Landings decreased foUowing this period and tTy the eariy 
1980's commercial landings of Washington clams had ceased 

Two species are involved in the take. The Washington clam 
(Sari Jomu.rnu/;a//;) is the prindpal spedes sought and the best 
>ielding locaUties are Humboldt Bay, Bodega Bay, Tomales 
Bay, Drakes Estero, BoUnas Lagoon, EDdiom Skiugh and Mono 
Bay. Another species, the txitter dam (Saxidomus gigcmteus), 
formeriy known as the smooth Washington dam, is sddom taken 
south of Humboldt Bay In only one Calffomia locaUty, neai Fiekis 
Landing in Humboklt Bay, is this clam common enough to support 
a minor fishery. Results of a sport damming survey of Humboklt 
Bay fiom 1975through 1989producedamean estimated total take 
of botii clams of 42,000 per year. 

Washington clam, Saxidomus nuttalli. 

The Washuigton clam catch is considerably less than that 
of gaper clams, mainly because the latter are more predominant 
in most bays, and Washington clam siphon holes arc more 
difficult to locale The recent Humboldt Bay sun'ey found that 
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tiie Washington clam and the butter clam comprised 20 percent 
and 13 percent respeaively, of the lotal estimated hanest of aU 
species laken in tiiat bay. In Bodega Bay, Washington clams are 
the predominant take, comprising an estimated 30 to 40 percent of 
the total clam hanest with an occasional butter clam also taken 

Sport clammers may take 10 Washington clams per day 
throughout tiie state except m EUdiom Slou^ w here the Umit is 
12 in combination with gaper clams, and ui Humboldt Bay, w here 
the limit is 50 ui combmation with no more than 25 gaper clams. 

Skiffs are used to transport diggers to intertidal areas where 
these dams occur, but some locations have populations acces
sible by foot. The clams are dug by shov els to a depth of 12 to 18 
inches near the low tide line. Washington clams may be used in 
clam chowdei, or fried and sened as a main meat dish. 

Status of Biological Knowledge 

The range ofthe Washington clam is from Humboldt Bay, 
Calffomia, to San Quentin Bay, Baja (Talffomia This spedes 
Uves at depths of 12 to 18 inches in mud, sandy mud or sand of 
bays, lagoons and estuaries. Its shell is thick and firm, oval in 
outiuie, and roughened on the outer surfaces by numerous 
concentric ridges. Inside, the shells are shiny while with dark 
purple maridngs at the pioslerior end Though the hanest is 
from bottoms exposed al low tide, this clam also occurs 
subtidaUy in the same general area 

The butter clam ranges from Sitka Alaska to San Fran
cisco Bay, Calffomia, but is infrequentiy taken south of 
Humboldt Bay Ils shell is thick and firm, oval in outiuie, but 
more rounded than that ofthe Washington clam. The interior of 
the SheU is entirely w hite with no purple markings. This clam Uves 
at depths of 10 to 14 irKhes in mud or sandy mud ofbays, lagoons 
and estuaries in areas that are usually exposed at low tide. 

Spawning occurs during a period from spring to fall, 
presumably as a result of warmer water temperature. A smdy of 
tiie Washington clam in British (Columbia revealed that alxiut 
haff of tiiese clams spawned at the end of their third year. The 
lan ae appeared as bivalve veUgers in two weeks and at the end 
of four weeks, when less that 0.2 inches long, settled to the 
Ixittom. Tidal currents play an important role in the distribution 
of these animals liecause of their pelagic larvae. SuccessfiU 
spawning and settiement may tie somewhat sporadic, wilh a 
period of years between settlements of consequence. Upon 
completion ofa free swimming larval period txitii spedes senle 
down to a fixed position and a comparatively inactive existence. 
About the only movement is downward as the clams grow older 
and uiaease in size. Age studies reveal that most Washington 
clams hanested in central Calffomia are from four to eight 
years old. Occasional individuals ofboth spedes up to 10 years 
old are found in Calffomia while some butter dams over 20 
years old have been found in Britiish Columbia The Washing
ton dam grows to a length of neariy seven inches and attains a 
weight of about two pounds. The butter clam may attain a length 
of five inches. 

Status of Population 

Densities and distrilxitions ofthese clams have been deter
mined for some ofthe more frequentiy used bay and estuanne 

intertidal areas, but knowledge is lacking about subtidal densi
ties and distribution. Estimates have not been made of lhe total 
population size of the Washington clam resource in Calffomia 
however, the present level of hanest can be easily sustained 
PoUution of areas such as BoUnas Lagoon, where a public 
healtii waming for possible sewage contamination is posted, 
can affea their utilization by man. 

Thomas O. Moore 
Calffomia Department ofFish and Game 

References ; . 

Collier, PC. 1990. Sport clamming suney ofHumboldt Bay from 1975 
through 1989. CaUf Dept Fish and Garae, unpublished 15 p 

Fitch, J.E. 1961. Common marine bivalves of CaUfomia. CaUf Dept 
Fish and Game, Fish BuU. 90.102 p 

MeUo, J. J. 1981. A one year survey of recreational clamming on the 
Morro Bay mud flats for the period of April, 1979toMarch, 1980. 
Calif Polylech. State Univ., Dept. Bio. Sci., San Luis Obispo, 
Calif 18 p 

Moore, TO. 1991. Distribution, abundance and use of clam popula
tions in coastal Marin and Sonoma counUes, Califomia. CaUf 
Dept. Fish and Game, unpubUshed. 

Spratt, ID. 1982. Results of sampling clammers in Elkhom Slough 
during 1978 and 1979. Calif DepL Fish and Game, Mar. Resour. 
Admm. Rep. 82-11. 12 p. 

ABALONES 

History of the Rshery 

Archaeological evidence mdicates that Calffomia Indians 
fished abalones extensively from coastal areas and the Charuiel 
Islands prior to European and Asian settiement of Calffomia 
During the 1850's, Chinese Americans started a fishery ui 
CaUfomia that targeted intertidal green (Haliotis fitlgens) and 
black (H. cracherodii) abalones, with peak landings of 4.1 
miUion pounds of meat and sheU in 1879. The Chinese woiked 
shallow waters with skiffs, gaffing abalones dislodged by a long 
pole with a wedge on the end. This fishery was eUminated in 
19(X) by closure of shaUow waters to commercial hanest 
Japanese divers foUowed the Chinese by exploiting virgin 
stocks of subtidal abalones, first as free divers from surfece 
floats and later, more successfiUly, as hard-hat divers. CaUfor
nia Department ofFish and Game statistics showed an inaease 
in landings from 1916 to a peak in 1935 of 3,900,000 pounds 
foUowed byadecUne to 100,000 pounds in 1942as fishermen of 
Japanese heritage were moved to relocation camps during 
World Warn. 

The red abalone (H. rufescens) was die only spedes 
reported in landing figures fiom 1916 to 1943 By 1960, tiK 
center of tiie fishery had moved from Monterey to the Morro 
Bay area, where the regions fiom Cape San Martin to Caviicos 
ui lhe north and Pomt Buchon to Pecho Rock ui the south were 
fished DecUning stocks of red abalones, caused largdy by 
competition with a growing population ofsea ottcn. forced a 
shift southward in the late 1960's. More recentiy landings have 
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uiaeased m the San Francisco area; this area supplied 34 
percent ofthe 1988 red abalone landings. Evidence indicates 
that some of these abalones may have been poached from 
floncommercial grounds north of the FaraUon Islands. The 
1990 landings of red abalones decUned to 17percent of the 1931 
to 1967 average of2,135,000 pounds. 

Calffomia commercial landings of abalone 
(all species), 1916-1969. 

m 

Calffomia conmercial landings of abalone 
(aU species), 1970-1991. 

(Zommerdal hanest of abal(»es was prohibited in south
em Calffomia from 1913 through 1943, then reopened to 
inCTease wartime food production The fishery in tiiis area has 
undergone successive development and decline as increasingly 
less desirable species were exploited. The fishery proceeded 
from red to pink (H. corrugata), to green, and finally to black 
abalones. The combined-spedes landings reached a record 
5,422,000 pounds ui 1957, Pink abalone landings reached a 
maximum 3,385,000 pounds in 1952 and in 1990 were one 
percent ofthe 2,146,000 pounds averaged from 1948 to 1970. 
Green abalones peaked in 1971 at 1,147,000 pounds, decUning 
rapidly lo a cunent six percent of tiieir 1968 to 1972 average 

catch of 488,000 pounds. Black abalones peaked ui 1973 at 
1,913,000 pounds, declming'n 199010 13 percent of tiieir 1972 
to 1984 average catch of 687,000 pounds. A minor white 
abalone (H. sorenseni) fishery started Ui 1968, mcreased to a peak 
landing of 143,000 pounds m 1972, and has since decUned to 0.02 
percent cf the 1972 to 1976 average landings of 99,000 pounds. 

The effidency of taking abalones has increased di'amati-
caUy with die development in the late 1950's of "hooka" gear, 
which supplied air from the surfece to divers using light masks, 
fins and neoprene suits. Between 1965 and 1970, hooka divers, 
having largely abandoned hard-hat gear, began using boats 
without tenders to reduce costs. Since the 1970's, multi-hose 
hooka gear and high-speed, seaworthy txiats have tiecome the 
mainstay ofthe fleet aUowing ease of access to the FaraUon and 
Channel Islands. 

In recent years, demand for abalones has increased 
throughout the worid In Calffomia the fisherman's price-per-
pound in the shell for red alialones has inaeased fiom $0.50 m 
1973 to $3.80 ih 1988 or 2.7 times die rate of inflation based on 
the Consumer Price Index. 

Prior to World War II, most sport fishing was by 
"shorepickers" wading into tick pools during low tides. The 
advent of rubber skindiving suits following the war accelerated 
sport diving effort throughout Calffomia 

In soulhem Calffomia whae SCUBA is allowed for sport 
take, Uttle information is avaUable on the extent and success of 
tiie red abalone fisheiy. Effort ui tiie pink, green and black 
abalone fisheries has been reported only for commercial pas-
sengei fishing vessels, incieasuig from 1,700 to 30,(XX) diver-
days tietween 1958 and 1986. Catch success has decUned from 
an average 1.2 abalones per diver in 1968 to 0.8 abalones pei 
diver Ul 1986. 

SheU of red abalone, Haliotis rufescens. 

Sport fishing for abalones north of Yankee Point in 
Monterey County is restricted to free diving and shorepidung. 
Abalone diving effort has inCTeased in relation to shorepicking 
and has shifted northward with the expansion of sea oocrs m 
central Calffomia. In I960, an estimated 11,000 diver-dav^ 
were expended to take 118,000 pounds of red and bU± 
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abalones, compared with 29,000 diver-days to take 192,000 
pounds in 1972. By 1985 to 1988, an average 202,000 diver-
days and 92,000 shorepicker-days per year were focused on red 
abalones in cenual and northem CaUfomia, with 93% of this 
effort north of Santa Cruz County. Estimated landings of red 
abalones in northem and centialC^aUfomia for combined divers 
and shorepickers reached a high of 3,472,000 pounds in 1986 
and have deaeased to 1,161,000 pounds by 1989. 

Status of Biotogical Knowledge 

In addition to the five spedes which have lieen commer
daUy fished, flat (H. •walallensis), threaded (H. assimilis) and 
pinto (H. kamtschatkana) abalones are also found in Calffomia; 
all have limited distributions and none is common Depth and 
geographical distributions of aU Calffomia haliotids are best 
descrilied by seawater temperature. Black abalones are found 
from Oregon to southem Baja CaUfomia and are largely 
intertidal extending to a depth of about 20 feet in southem 
CaUfomia. Red atialones, which also extend from Oregon into 
Baja Calffomia are intertidal and shallow subtidal in northem 
and central Calffomia but are exdusively subtidal in southem 
C^ffomia, where they are lestricied to upweUing locations 
along the mainland and the northwestem Channel Islands. 
Pink, green, white and threaded abalones are characteristic of 
the warmer waters south of Point Conception extending mio 
Baja Calffomia and the southeastem Channel Islands. These 
species fiuther sort out by temperature in their depth distribu
tions: greens are centered at shaUower depths tiian pinks, which 
are shallower than white alialones. Flat and pinto abalones are 
generaUy found in the cooler waters north of Point Conception 

Limited growth information from tagging studies of a fiiU 
size range of animals is available for the commerdal species. 
Sport fishing size limits of six inches for pmks and greens and 
seven inches for reds are reached after a minimum of eight 
years. Commerdal sizes of 6.25 inches for pinks, seven inches 
for greens and 7.75 mches for reds are reached after a minimum 
of 10 to 15 years in souttiem Calffomia There is considerable 
mter-annual and between-site variabiUty. Sexual maturity is 
reached at a small size, and fecundity, which increases expo
nentially with size, is high. Spawning season varies among 
species with black, green and pink abalones spawning between 
spring and faU (greens and pinks several times during that 
period). Red abalones in some locations may spawn throughout 
the year. Settimg rates also appear to be quite variable. 

Calffomia abalones feed primarily on algal drift, fiag-
ments of maaophytes moved by currents and surge; foraging on 
attached plants is rare. They feed preferentiaUy on giant kelp 
and other laminarians; minor variations in preference appear to 
refiect the habitat where each is found SpedaUzation on drift 
algae puts abalones in competition with three species of sea 
urchins. Sea urchin grazing has been reported to limit kelp and 
abalone distributions ui many regions ofthe state. 

Abalones, eqiecially juvemles, are preyed upon by a wide 
variety of animals including crabs, lobsters, gastropods, oao
puses, seastars and fishes; larger abalones achieve a partial 
refiige in size from most ofthese. However, two predators, the 

bat ray in soulhem Calffomia and the sea otter in central 
Calffomia prey selectively on larger ijalones. 

Calffomia abalones prefer high energy, open coastal envi
ronments wilh good water circulation Abundance is highest 
where physical conditions allow good kelp growth and the 
substi-aie promotes tiapping of drift kelp. Central and southem 
CaUfomia, with their perennial giant kelp forests, offer a more 
constant food supply for abalone growtii than do northem 
regions, where algal drift availabiUty is highly seasonal. In the 
late I950's, abalone (xipulations on the Palos Verdes Peninsula 
Ul southem Calffomia apparentiy crashed in concert witii their 
food supply when giant kelp disappeared during a period of 
unregulated sewage disposal. 

Storms can tie an important source of mortaUty and may 
Umit abalone distritxitions in areas of greatest exposure Al
though freshwater runoff and siltation associated with storms 
can be lethal, the broken condition of most sheUs after stonns is 
evidence foi mortality by wave-induced rock roUuig. 

Recreational diver searching for abalone at Catalina Island Scuba 
gear b aUowed only in southern Calffomia for taking abalone. 

Status of Populations 

Cunent stodu of most spedes of abalone in central and 
southem CaUfomia are overutUized This is the combined 
result of commercial hanest effidency, increased maikrt de
mand, sport fishery expansion, an expanding population ofsea 
otters, poUution of mainland habitat, and loss ofkelp popula
tions associated with El Niflo events. Management efforts to 
proiect stocks thrtnigh size limits and limits on the number of 
commerdal abalone fishermen have been ineffective. Slock 
declines have continued in spite of the reduction of commerdal 
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fishuig permits from 499 in 1976 to 130 by 1990. Yield-per-
recruit and egg-per-recruit models of red and pink abalones 

.suggest that cunent spon and commerdal size Umits should 
rhave allowed adequate egg production; thus, srniple recruitment 
overfishing alone cannot satisfactorily explain the decUne. 

Adding to the decUne of black abalone populations in 
southem CaUfomia have been unexplained mortaUties due to a 
condition known as 'withering syndrome." Mass mortaUties 
have spread among populations on several of tiie Charmel 
Islands and the mainland coast since 1987. WhUe a potential 
pathogen has been found, its role is not clear. Speculation as to 
tiie cause also uicludes environmental stiesses such as tempera
mre and low food availabiUty. The high mortalities, nearly 100 
percent in some cases, suggest that fishing pressure should tie 
severely reduced or eliminated for this species to maintain the 
potential for fiiture stock recoveiy. 

The poor survival rates obsened in most abalone seeding 
experiments suggest that seeding wiU not be a panacea for 
restoration of depressed stocks in southem Calffomia. Effort 
should be expended to protect remairung stocks from fiirther 
dedine. Closure of already denuded areas such as the Palos 
\ferdes Peninsula has proven ineffective. Spawning lesenes or 
refiigia in areas with viable stock have been suggested and could 
be created whUe such areas are stiU available in southem 
C^aUfomia An altemative to permanent refugia are temporary 
area closures, or "pulse fishing," which combined with size 
and effort restriaions would produce a more conservative 
management approach. 

In norihem Calffomia, the exclusion of commerdal fish
ing and restriction of sport hanest to shorepickers and free-

I divers have proteaed a significant portion of fishable red 
abalones, even in traditional heavy use areas. Nevertheless, 
timely management changes may tie needed to reduce the level 
of hanest m this area considering: 1) legal take liy the sport 
fishery alone may already exceed sustainable levels, 2) the 
additional suspected Ulegal commerdal take, and 3) lower 
levels of recmitment and growth rates than are found in 
soulhem Calffomia 

Emergent abalone distributions that have allowed sport 
and commerdal fisheries in Calffomia are probably recent 
phenomena resulting from the demise ofthe sea otter in most of 
CaUfomia in the 18th and 19th centuries. These fisheries may 
be eUminated ff the otter range is not contained. WhUe debate 
continues as to whether overfishing or sea otters caused the 
dedme of abalone stocks ui centnl California, size structure 
data from a fishery resene in this area make it dear that even 
protected populations cannot support a fisheiy within the sea 
otter range in central Calffomia today. 

Konstanun A. Karpov 
Calffomia Department ofFish and Game 

Mia J. Tegner 
University of CaUfomia, San Diego 
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CALIFORNIA MARKET SQUID 

History of the Fishery 

The fishery for California market squid (Loligo 
opalescens) began in Monterey Bay in 1863 when a Chinese 
fishing village was established near Mussel Point A skiff with 
a blazing torch at the txiw was rowed atxxit the bay at night untU 
a school of squid was attraaed to it Two accompanying skiflis 
would then set a smaU hand-held purse seine around tiie school. 
Large numbers of squid were taken in this laborious manner, 
sun-dried, and exported, chiefly to China In 1905, lampara 
nets capable of taking 20 tons in a single haul were inttoduced 
by ItaUan fishermen. The ItaUans took control of squid fishing 
usuig this superior equipment, although the Ctiinese and Japa
nese continued drying and marketing the catch. 

From 1916 to 1923, annual statewide landings only once 
exceeded 600 tons (1919). Landings averaged over 2,000 tons 
per year from 1924 to 1932, most of which was dried and 
shipped to China During the 1920's, canning and freezing 
sq uidbeganfor the domestic market In 1933,the Asian markrt 
was closed due to financial conditions, and virtually no squid 
has been dried since then 

Canned and frozen squid for the domestic market sup
ported the fisheiy after 1932, with annual landings averaging 
578 tons from 1933 to 1942. In 1943, annual landings began to 
nsc. reaching a peak in 1946 when just over 19,0(X) tons were 
Landed This was due to an abnormal demand by various United 
States and intemational aid programs. 

Statewide landings from 1947 to 1967 fluctuated greatiy, 
unh a high in 1959 of 9,822 tons and a low of 1,281 lonstiic 
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foUowing year. Annual landings for this period averaged 6,200 
tons. Most recently, landings have fluctuated widely from a low 
of 622 tons in 1984 to a record high of 45,076 tons in 1989, 

•-:^ £=5i ^ , ~ 

annually, while those of central CaUfomia averaged about 
5,700 tons. Southem Calffomia landings reached a record high 
in 1989, when 37,200 tons were landed. In 1990, soutiiem 
CaUfomia landings dropped to approximately 22,500 tons as 
some buyers and processors lunited their daUy purchase from 
each boat because smaUer, less marketable squid prevaUed 
throughout the area 

Central CaUfomia landings recovered from tiie 1982-1983 
dedine with a peak in 1990, when 8,728 tons were landed 
Annual landings, however, did not increase as dramaticaUy as 
those of southem Calffomia, and did not exceed average 
historical levels. Monterey Bay squid also apparently decreased 
in average size from 1989 to 1990, but tiiis did not affea maikrt 
demand as in southem Calffomia 

Calffomia commercial landings of maricet squid, 1916-1%9. 

Calffomia commercial landings of market squid, 1970-1991. 

Large-scale fluctuations are characteristic of the fishery 
and may tie due, in part, to the short Iffe span of the squid 
combined with fishing pressure of the previous year. Another 
probable reason for tiie fluctuations is climatological changes. 
A conelation has been suggested between temperamre and 
squid catch 18 months later in Monterey Bay. Warmer than 
usual water temperatures usually preceded good landings. 
However, El Nutos, peiiodic extreme temperature elevations, 
were followed by substantial declines in squid landings, notably 
Ul 1958, 1973,1983 and 1984. 

Since 1961, the Calffomia squid fishery has experienced a 
major change. Prior to 1961, the fisheiy had been centered 
mainly in the Monterey Bay area whUe a much smaUer fisheiy 
existed offsouthem Calffomia Starting in 1961, the southem 
(Talffomia squid fishery tiegan to expand with a dramatic rise ui 
landings in Santa Barfoara area ports. From 1961 to 1982, the 
southem Calffomia annual landings averaged sUghtiy more 
Ihan those in central Calffomia During 1983 and 1984, annual 
landings in both areas dropped below 1,000 tons foliowing the 
1982-83 El NitVD. Since 1985, the southem Calffomia fishery 
has dominated statewide landings, averaging over 22,000 tons 

^i%e^ JT 

Fishing for squid in Monierey Bay. 

Southern Calffomia fishennen have, in recent years, ex
panded the area fished for squid Much more effort is now tieing 
direaed toward catching squid around the Channel Islands off 
the coast of Santa Barbara, resulting in the increased landings 
of die 1980's. 

The CaUfomia squid fishery targets schools moving into 
shallow waters (about 50 to 100 feet deep) to spawn. Most ofthe 
toats use strong Ughts to attrad squid to the surface, where they 
are caught using roundhaul nets or brads. Nearly aU squid in 
southern CaUfomia are taken by purse seine or brad vessels. A 
small amount also is taken by the Uve bait ficeA. using either 
lampara or drum seine gear. 

WhUe attracting Ughts have been used in the southem 
Calffomia fisheiy continuously for many years, in the centtal 
Calffomia fishery a regulation was enaaed which prohibited 
tiieir use between 1959 and 1988, Fishennen sponsored the ban 
for protection from dealers who used Ughts ui conjunaion witii 
dip nets on their piers and floating unloading plafforms. In this 
manner, they had effectively eliminated the need for many 
fishing boats. Some fishennen also beUeved tiiat attracting 
Ughts dismpted squid spawning aaivity, but no studies to date 
have addressed tiiat issue. In 1988, fishermen were allowed lo 
use atnaoing Ughts in the Monterey Bay area except Ui die 
soulhem portion ofthe lay. The foUowingy ear, attracting Ughts 
were permitted throughout the arca 
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Starting in 1989, fishermen were aUowed to use all tv-pes of 
roundhaul gear (purse seine, drum seine, etc.) in the southem 
bight of the bay, which previously had tieen restricted to 
lampara nets for squid. By the end of 1990, nearly the entire 
fleet had switched over to purse seme or drum seine gear and the 
use of lampara nets had virmally ceased in Monterey Bay 

Cunentiy, the vast majority of squid is frozen for human 
consumption Much of this is exported to Japan and Europe 
Other uses include fresh and canned squid for human con
sumption, and fresh or frozen squid for bait 

adults. Schools often are composed of animals with a similar 
body size. Schools of smaUer ammals are not as cohesive as 
those ofolder animals. 

Squid feed predominantly on euphausuds and copepods, as 
weU as other smaU crustaceans, gasttopods, polychaae worms, 
small fishes and smaUer squid. Squid are prey for many fishes, 
birdsand marine mammals. Several smdies indicate tiie markrt 
squid plays an unportant role m the food wefo of many organ
isms along Calffomia's coast 

Market squid, Loligo opalescens. 

Status of Biological Knowledge 

The CaUfomia markrt squid ranges from southeastem 
Alaska to Bahia Asundon, Baja Calffomia Mexico. This 
pelagic mollusk attains a length of 12 inches, mcluding its eight 
arms and two feeding tentacles. Several other squid spedes 
occur offthe Calffomia coast, but these are normally assodated 
with deeper offshore waters. 

Spawning market squid lend lo congregate in semi-pro
tected bays, usually over a sand bottom with rocky 
outcroppmgs. Mass spawning starts around April in centtal 
CaUfomia waters and ends about November In soulhem CaU
fomia waters, mass spawning starts around Oaober and ends 
about April or May During some years, however, squid qiawn-
ing, and landings, may occur throughout most ofthe year. 

Adults typicaUy spawn at one to 1.5 years and die after 
spawning. Some may delay spawning and Uve to a maximum 
age of two years. The male transfers a txindle of spennatophores 
wilh a speciaUzed left ventral arm into the female's mantie 
cavity near the oviduct The eggs are laid in elongate capsules, 
each of which may contain as many as 300 eggs embedded in a 
gelatinous matrix. Each female produces from 20 to 30 egg 
capsules, attaching one end of each capsule to the sea floor or 
other suitable site. Females are visually stimulated to lay their 
eggs by the presence of other egg masses, resulting in egg 
capsule clusters covering areas as large as 700 to 1, IOO square 
feet. Several hundred to many thousand capsules may be laid 
together to form massive clusters. Small red polychaete worms 
have been obsened boring ui the capsules' gelatinous subr 
stance, but apparently do not feed on the developing embryos. 
The eggs, howev er, are preyed upon by tat stars and sea urchins. 

Eggs hatch in three to five weeks. Newly hatched larvae 
are about 0.12 inches long, already resembUng miniature 
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Packing squid al a processing plant in Monterey Bay area. 

Stahjs of Population 

Little is known about the present size, structure oi status of 
the population, but historical evidence from research cruises, as 
weU as recent catch data indicate the biomass is large. The 
CaUfomia fleet fishes only spawning populations and ui limited 
geographic areas, mostiy in central and southem Calffomia 
Other fishable concentrations of squid have been found occa
sionally along the coast from central Calffomia to Bntish 
Columbia and southeastem Alaska, and short-term fisheries 
sometimes have developed in these areas. 

Historically, the squid resource was considered by some to 
lie undemliUzed; recently demand has sometimes exceeded the 
catch. Until more objective estimates of almndance are avail
able, the tme status ofthe population wUl remain unknown. 

In 1977, the Calffomia Department of Fish and Game 
proposed yearly limits of 16,500 short tons each for the central 
(TaUfomia and southem (TaUfomia fisheries. These lunits were 
designed to be conservative and allow for adjustment up or 
down, depending on how much biomass was assessed. How
ever, appropriate assessment methods were never developed 
and ihis proposal was not adopted 

Duri ng the past several years, Uttie work has been done to 
design squid population assessment methodology for Califor-
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nia Past work, and work elsewhere, has included acoustic 
suneys and various coUection techniques. Acoustical assess
ment of squid has been attempted off the central Oregon coast 

Squid can be more intensively hanested than can long-
Uved animals. But the fishery is often subjea to extreme 
fluctuations based on each previous year's recruitment. How
ever, as typicaUy seen in short-Uved, highly fecimd animals, the 
squid population seems to have the abiUty to recover fiiUy in a 
relatively short period of time. 

Terri Dickerson and Roliert Leos 
CaUfomia Department ofFish and Game 
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MOLLUSK RESOURCES: DISCUSSION 

In 1990, Califomia moUusk resources were valued at over 
$7.4 nulUon to commerdal fishers. Squid accounted for 99 
percent ofthe total landed weight of 63.3 milUon pounds but 
only 68 percent of the total value. The five spedes of abalone 
accounted for 0.8 percent of the total landed weight but 31 
percent of the total value. Other hanested moUuscan spedes 
are of relatively minor commerdal unportance; local markets 
have developed for them due to avaUability and regional taste 
preferences. 

Sport hanest for bait or human consumpUon exceeds 
commerdal hanest for most moUuscan species except squid 
octopus, and probably whelks. Other spedes not considered in 
this section, such as Umpets, jackknffe clams, mussels and rock 
scallops, are frequently harvested tiy sport fishers. 

Water quality problems, both namral and man-made, may 
prevent commercial and sport hanest of bivalve mollusks, 
primarily clams and mussels. Since most bivalves are filter 
feeders, ihey ingest microscopic plant and animal matter from 
the water column At certain times during the year, particularty 
during tiie spring and summer upwelling season, heavy plank
ton blooms occur ui nearshore waters, and fJter feeders may 
ingest and concentrate toxins which are harmful to humans if 
consumed. Calffomia sea mussels are in this category, and each 
year the Califomia Department of Health Senices (CDHS) 
imposes a quarantine on tiiem from May 1 to October 31 The 

mussel to.xin can cause parahtc sheUfish poisoning (PSP), and 
sampUng and analysis of mussel tissue occuis throughout die year. 
The CDHS may unpose other temporary quarantines tf elevated 
PSP levels are found outside ofthe normal quarantine period 

A new toxin called domoic acid was discovered ui centtal 
CaUfomia in September 1991 and was Unked to the deaths of 
peUcans and cormorants near Santa Cruz. This toxin is pro
duced by a single-ceUed marine orgarusm (diatom) unrelated to 
those which produce the PSP toxin, and it may be concenttated 
by mussels feeding on this organism. The toxin causes amnesic 
shelffish poisoning (ASP) and has caused deaths in persons 
consuming contanan^ed mussels front Prince Qdwaid Island, 
Canada It is likeiy;|ha|ilie4q^(^ ^wfQ^t^een present in 
CaUfonua waters but un6™nriias irievi&bem at̂  â  high 
enough to cause problemsi TteGDHStegaftwutine testing of 
mussels for domoic acid in Ortober I99ir ̂  

Man-made water quality problems continue to prevent or 
discourage hanest ofbivalves in the uitianized areas adjacent to 
CMfomia's coast and estuaries. Although wastewater tteat
ment standards have significantly reduced the amounl ofpollut
ants entering Calfforrua's waters, bio-accumulation processes 
still result in certain bivalve populations tieing unsafe to eat For 
example, a potentiially significant resource of Manila clams 
exists in the San Frandsco Bay estuaiy, but water quaUty 
problems discourage pubUc use in many clam beds. 

(TaUfomia's moUuscan resources are subjea to a wide 
range of natural faaors affecting their relative abundance. 
Annual recruitment of young-of-the-year animals is highly 
variable, and single year classes, such as that of the Pismo clam 
Ul 1990, may comprise a significant proportion of the total 
population for many years. 

Severe storms may destroy local populations, either di
rectly due to wave action on exposed coastUnes, or indirectiy. 
For example, lowered salmity in estuaries due to excessive 
rainfeU and stream and river outflow may cause mortality in 
sedentary clam populations. Oceanic phenomena such as El 
Niiio events may adversely impaa squid stocks. 

Rock crabs, starfish and rays prey heavily on clams and 
mussels. Many spedes of fish and birds are successfiU ui 
foraging on bivalves. Namral predation may significanlly re
duce a population ff a prey species increases its density or range. 
A weU documented example is the effed ofthe extension ofthe 
sea otter population on central Calffomia's Pismo clam and 
abalone resources. 

Disease has not often been unplicated in reducmg popula
tions of CaUfomia's mollusks. However, the "withering syn
drome" in the black abalone population coupled with fishing 
pressure, has resulted in a drastic dedine in the soulhem 
CaUfomia stock. 

It is exuemely difficult or impossible to obtain total 
population estimates for any of Calffomia's moUuscan re
sources. Because ofthis, management recommendations re
garding sport and commercial hanest rely primarily on bag 
limits, minimum size limits and season closures If accurate 
population estimates are obtained, a management svsiem 
based on annual or seasonal quotas and a ftxcd hanest rate 
mav be more desirable. 
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T 
Specific Management ReoDmmendations 

(1) Continue to investigate the use of marine resenes m (4) Contuiue to investigate causes ofthe "withering syn-
^which no sport or commerdal hanest is permitted, as a tool for drome" in southem Calffomia black abalone. 
enhancmg mollusk populations. (5) Continue to conduct smdies of recruitment of red 

(2) Conduct hydroacoustic suneys ofthe squid resource to abalone in nonhem CaUfomia 
determine absolute population abundance. (6) Change die sport Umit for red abalone in nbrthem 

(3) Continue to work with the U.S. Fish and WildUfe Calffomia to three per day and sbc in possession 
Service to develop an effective management strategy for the 
CaUfomia sea otter, in^regard to its potential impaa on the Paul N. ReUly 
northern CaUfomia rbETillilos^nif^^tion:.: CaUfomia Department ofFish and Game 
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OTHER INVERTEBRATES 

SEA URCHINS 

History of the Rshery 

Sea urchins have been used by humans in Califomia for 
thousands of years. Archaeological evidence shows that coastal 
Native Americans hanested sea urchins freciuently. In the more 
recent past, prior to die early 1970's, relatively few people 
harvested sea urchins for local consumption Only in the last 20 
years has a targe commerdal fishery developed for sea urchins. 

A commerdal fishery for red sea urchins (Stnangylo-
centrotus franciscanus) began in southem (Zalffomia during 
1971 in the Avila and San Diego areas, as part of a National 
Marine Fisheries Service program to develop fisheries for 
underutiUzed marine spedes. A fisheiy was also seen as a way 
to reduce the population of red sea urchins, which were regarded 
as pests due to their destmctive grazing on giant kelp. Since then, 
sea urchin landings have increased greatly and effort has expanded 
throughout the nearshore areas of soudiem Calffomia 

By 1973, sea urchin processing technology and connec
tions witii Japanese markets had developed suffidentiy to 
suppon landings of more than 3.5 million pounds. In 1974, the 
southem Califomia landings were twice those of 1973 and, by 
1981, inaeased to nearly 25 milUon pounds. Contributing to 
the rapid escalation ofthe fishery was a ready pool of fishermen 
and Ixats involved m the similar, but declining, commerdal 
abalone fishery. The 1990 ex-vessel value for whole sea urchins 
m southem Calffomia is estimated at nearly $14 million. 

The majority of sea urchin landings in southern Califomia 
have come from the northern Channel Islands off Santa Bar
bara, where largeandaccessiblestocksoccur.Duringtheperiod 
1973 dirough 1977,80 to 90 percent rftotal landings came from 
tiiese islands. In more recent years, however, there has been a 
relative decrease in the oontriliution from the northern Channel 
Islands as hanesting effort has increased at odier locations such as 
San Clemente Island, San Nicolas Island, the Palos Vardes 
Peninsula, and die San Diego area The smaUer purine sea urchin 
(S. purpuratus) has fishery potential, but has been harvested on 
only a Umited, experimental scale A minor recreational fishery for 
sea urchins takes place in southern CaUfomia. 

A small commeicial sea urchin fishery began in northern 
Califomia in 1972, but it remained insigmficant untU 1977, 
when 386,000 pounds were harvested in the Albion to Fort 
Bragg region An exponential increase in landings began in 
1985, due partiy to a more favorable monetary exchange rate for 
exported goods. Northem Calffomia (Haff Moon Bay north) 
landings jumped from 1.9 miUion pounds in 198S to 30.4 
miUion pounds in 1988. Northem CaUfomia landings ex
ceeded those of soutiiem Calffomia from 1987 dirough 1989. 
Northem Califomia sea urchin landings were worth an esti
mated $8.3 miUion ex vessel in 1989. Virtually all of the 
northem Califomia sea urchin landings had been red sea 
urchins until 1990, when a small fishery for purple sea urchins 
began. Nonhem Calffomia sea urchin landings began to de

cline ui 1989, and preUminary landuigs data for 1991 showa 45 
percent decUne from the high of 1988. In northem Calffomia 
Fort Bragg remains the center ofthe fisheiy. The ports of Point 
Arena, Bodega Bay, and Half Moon Bay soon became active, 
expanding the fisheiy from the San Mateo coast and FaraUon 
Islands north to the Shelter Cove area The reefs around 
Crescent City also support a small fisheiy. There is a vety minor 
reaeational fishery for sea urchins in northem Calffomia 

Califomia commercial landings of sea urchin, 1971 -1991. 

Commerdal divers hanest sea urchins using conventional 
"hooka" gear, consisting of a low-pressure air compressor 
which feols air through a hose to the diver Hanesting takes 
place Ul depths of five to 100 feet, witii most effort ui the 20- to 
60-foot range. Sea urchins are hanested from the ocean bottom 
with a hand-held rake or hook and put into a hoop-net bag or 
wire baskrt which is winched onto the tioat and emptied mto a 
larger nrt lag. Most boats used for hanesting sea urchins are 
small ranging from 25 to 40 fert in length, and capable of 
holding one to three tons of sea urchins, an amount usually 
hanested ui a day's fishing by one to three divers. In areas far 
from port, such as the outermost southem Califomia islands, a 
larger "pick-up" boat may, for a fee, take the day's calch from 
several boats back to port 

Sea urchui processing is labor-intensive and involves 
aacking open the shell, gently removing and deaning the 
gonads, and finning them in an alum-salt solution The gonads 
ofboth sexes are equally valuable and are colleaively referred to 
as "roc" or "uni". Roe quaUty is very important and depends on 
gonad size, color, texmre, and firmness. Major feaors affecting 
tiiese criteria are the sea urchins' food supply and the stage of 
gonadal development. Sea urchins lacking a good food supply 
may have small, dark, coarse-textured gonads, unacceptable for 
die market. Gonads that are very ripe or spawned-out are of poor 
quality. A tow price is often paid for sea urchins witii marginal 
roe quality, and diose with poor quality roe may be rejected by 
the processor Divers frequentiy check roe quality wmie har-
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vesting to ensure that it is marketable. Southem CaUfomia 
processors are located in the Vfentura-Oxnard Los Angeles-
Long Beach, and San Diego areas. Northem CaUfomia sea 
urchin processors are in Fort Bragg, Sacramento, and the San 
Frandsco Bay area It is estimated that over 90 percent of fresh 
sea urchin roe is air-freighted to Japan 

Packing sea urchin gonads or "uni" for export to Japan. 

Management of the sea urchin fishery has evolved 
since 1987, when die fishety expanded into noithera CaUfor
nia, and more than doubled in size. A lunited-entiy pennit 
system for divers, minimum size limits, and seasonal closures 
are used for redudng hanest effoit and landings, to protect the 
resource and stabiUze the fishay. 

Status of Biological Knowledge 

Sea urchins, which are members of phylum Echino
dermata, possess a hard sheU, called a test, which is covered 
witii a thin epithelium and is armed with spines. The spines are 
used for locomotion, protection, and for trapping drifting algae 
for food. Between the spuies project mbe feet, which are used in 
food capmre, locomotion, and for holding to the substrate. The 
bonom, or oral, side of the sea urchin contains the mouth, 
consisting of five calcareous jaws called Aristotle's lantern 
Chewed food enters the digestive system and is excreted as 
pellets tiirough the anus on die top, or aboral, side ofthe test. In 

addition to spines and tube feet, sea urchins possess smaU pinchers 
caUed pediceUariae, used for defense and for chitching food 

Four spedes ofsea urchins occur in the nearshore waters of 
Calffomia The red sea urchin is the largest and supports the 
present fisheiy. Both the red sea urchin and the puiple sea 
urchin, a smaUer species, occur statewide. The two remaining 
species occur mostiy m southem Calffomia. The white sea 
urchin (Lytechinus anamesus) and the Coronado sea urchin 
(Centrostephanus coronatus) are tioth smaU, Umited in distri
bution, and consequently of no interest to the fisheiy. 

The red sea urchin is probably the most abundant heibivore 
of the kelp forest conununity in both numbers and biomass. It 
plays an important ecological role in kdp forest ecology and can 
affert the distriliution and abundance of other nearshore spedes 
through its feeding behavior and physical presence. 

Red sea urchins provide protection and living space for a 
variety of smaller marine animals. A microhabitat exists under 
sea urchins where shrimps, crabs, brittle stars, fish, abalone, 
juvenile sea urchins, and other inverteforates can lie found 
Although most ofthese animals may not depend solely on the 
spme-canopy habitat, die sea urchin's presence contributes to 
their abundance in the kelp conununity. 

Red sea urchins feed mainly on algae. The perennial giant 
kelp is the preferred algal food in southem Calffomia whereas 
sea urchins in northem Calffomia feed on the annual bull kelp 
and perennial brown algae. Red sea urchins feed mainly oo 
sloughed or broken drift algae produced m the kelp bed. ff 
preferred algae are lacking, sea urchins will eat other algae or 
small animals. Sea urchins may also resorfo their own tissues m 
times of prolonged food shortage. Some evidence suggests tiiat 
red sea urchins can sulisist on dissolved nutrients in sea water 
The red sea urchin's abiUty to survive during long periods of veiy 
low food availabUity is probably responsible for dense sea urchin 
populadons persisting in many areas with poor algal growth. 

Sea urehin feeding on kelp. 

Aldiough sexes are separate, the sex of a sea urchin is 
difficult to differentiate without nuCTOSCopic examination of die 
gonads Smdies indicate that, under most conditions, red sea 
urthins become sexuaUy mature at 1.5 to 2.0 inches (test 
diamrter exclusive of spines), which may foe two years of agt 
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Fecundity is high: female sea urchins spawn up to several 
miUion eggs. Following fertiUz::*ioii, a multistage planktonic 
lanal period ensues which may last six to eight weeks. As the 
lanae mature and encounter suitable habitat they settie to the 
bottom and metamorphose to the famiUar spined tienthic form. 
Owing to the relatively long planktonic phase, recruitment of 
juvenile sea urchins at a given location may not necessarily be 
dependent upon adult spawning at that location 

Sea urchin spawning appears to tie cycUc. The spawning 
season can vaiy from year to year and from one locality to 
another. Food supply plays a role in the timing and magnimde 
of spawning. In most southem Calffomia locations, spawning 
generally occurs in winter. In northem Calffomia, major 
spawning occurs in spring and summer, with some spawning 
activity also in December. 

Recruitment of juvemle red sea urchins in southem 
Calffomia is high and relatively constant in many areas. Over a 
three-year period, almost 50 percent ofthe population was less 
than two years old in the San Diego area In northem Calffomia, 
recruitment seems to tie lower and more sporadic. At several 
sites in 1989, juvenUes made up only seven to 13 percent ofthe 
population Sea urchin growth rates depend on an adequate 
food supply. Growth to a hanestable size of 3.5 inches probably 
requires four to five years or more. A reliable method of 
determining the age of adult sea urchins is not avaUable, fout sea 
urchins are comparatively long-lived, capable of reaching at 
least 30 years of age. 

Several significant predators ofred sea urchins are known 
For example, Calffomia sheephead and Calffomia ^iny lob
sters footh prey on them, and recent smdies show that red sea 
urchin populations in hafoitats with sheephead and lobsters may 
be regulated to some degree by these two predators. In addition, 
starfishes, crabs, white sea urchins, and other fishes are known 
to eat led sea urchins. The most effective predator of red sea 
urchins is Uie sea otter, witiiin the otter's present range, the red 
sea urchin resource has been reduced to a level which precludes 
fisheiy utilization 

Competition between red sea urchins and other lienthic 
uivertebrates is a matter of some conjecture. Red sea urchins are 
frequently mentioned as competing with abalone for bodi space 
and food. Sea urchins may foe more successfiil in competing for 
limited food because of thdr aggressive foraging behavior, 
abalone may be more successfiil in competing for preferred 
Uving space ff food is not limited. No doubt, intensive hanest-
Uig of abalone or sea urchins could alter these relationships. 

Comprtition has been shown to occur between red sea 
urchins and purple sea urchins. Red sea urchins may also 
compete with white and Coronado sea urchins. Present panems 
of distribution and abundance suggest that red sea urchins 
outcompete the others in middepth (15 to 65 fert) habitats. The 
response of smaU, nonhanested sea urchin spedes to intense 
hanesting of red sea urchins is unknown but may include an 
inCTease in the distribution and abundance of these small 
species. Sea urchin sodal behavior manffests itseff in the 
fonnation of aggregations, which ui some instances form fronts 
or masses of urchins that move through and overgraze stands of 

foUose algae. JuvenUe sea urchins are often found in association 
with larger sea urchins, apparently gaining feeding benefits and 
protection from predation under the spine canopy ofthe larger 
sea urchins. 

Status of Population 

In southem Calffomia, the red sea urchin resource remains 
productive. Although fishing has significantiy reduced density 
m many areas and catch per unit of effort has decUned, strong 
juvenile recruitment has supported hanesting pressure. The 
high recruitment in southem Calffomia may be partiy due to 
ocean current pattems in the Southem Calffomia Bight, which 
inaease the chances for larvae to encounter habitat suitable for 
settlement Continued high recniitinent, however, is not guar
anteed; in feet, intensive sea urchin hanesting in northem 
Calffomia and Baja Calffomia, Mexico could result in a de
crease in sea urchin larvae in southem Calffomia in the fimu-e. 

The northem Calffomia fisheiy has been character
ized by rapid growth and decUne. (Zatch per unit of effort 
declined during this period, as did mean test diameter of landed 
red urchins prior to the establishment ofthe 3.S-inch size Umit 
Low recruitment combined with intensive hanesting on the 
north coast could have a serious impaa upon future hanests. 
The recentiy esfeblished size limit and seasonal closures may 
help prevent fisheiy collapse but may not improve recruitment, 
particularly ff its success is primarily a fiinction of oceano
graphic fedors. Research efforts are underway to drtermine 
whether stocks canbe augmented liy seeding of hatchery-reared 
juvenile red sea urchins. 

A notable consequence of intensive hanesting of 
north coast red sea urchins is an increase in size and numtiei eff 
kelp lieds in intensively hanested areas. 

David Paiker 
Peter Kalvass 

Calffomia Department ofFish and Game 
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SEA CUCUMBERS 

^ History of the Rshery 

The first recorded commercial landings of sea cucumbers 
in Calffomia were made ui 1978 ui the Los Angeles area 
Annual landuigs remained under 100,000 pounds until 1982 
when the prindpal fishing area shifted to the Santa Bartiara 
Channel. In tiiat year 140,000 pounds were landed with an ex-
vessel value of about $25,000. Recorded landings fluctuated 
from over 160,000 pounds the foUowing year to almost nothing 
in several years, finaUy reaching 147,000 pounds m 1990 at an 
ex-vessel value of $36,000. Over 90 percent of the sea cucum-
foeis harvested in Calffomia are caught foy trawUng, mostiy ui 
the Santa Baifoara Channel. Two species ofsea cuciunfoers are 
hanested in Calffomia: the giant red sea cucumfoer (Para
stichopus califomicus), also called the Calffomia sea cucum
foer, and the warty sea cucumtier (P. parvimensis). The warty sea 
cucumber, which yields a more desirable produa and brings a 
higher price, is generally hanested foy divers and makes up a 
small percentage of die total landings. The giant red sea 
cucumber is largely caught by trawUng in soudiem (Talffomia 
but is the objea of dive fisheries elsewhere. Most of the 
Calffomia product is shipped to Hong Kong, Taiwan, and 
Chuiese markets witiiin the United Slates. The most common 
product form is dried 

There is no significant sport fishery for sea cucumliers m 
CaUfomia due in part to regulations restricting take of certain 
marine invertdirates in nearshore tidal areas and because at 
present relatively few sport fishermen have shown an interest in 

I sea cucumtier as a food item. The possession ofa special pemiit 
to fish for sea cucumliers commercially will foe required foegin
ning with the 1992-1993 fishuig season (Qualification for the 
permit will foe foased upon meeting a minimum landing require
ment in previous years. 

Status of Biotogical Knowledge 

Altiiough sea cucumfoers are in die same phylum as sea 
stars, sand dollars, and sea urchins, their cyUndrical shape gives 
them the appearance of foeing misplaced in this group. Rather 
than possessing the dorso-ventral compression with mouth on 
the txittom and anus on top whicfa is characteristic of other 
echinodenns, sea cucumbers are dongate with mouth and anus 
at opposite ends and have die appearance of lying on one side. 
Botii spedes ot Parastichopus possess mbe fert on their ventt^l 
side which are used for loconxition, respiration, and sensory 
perception. The dorsal side contains papUlae which are modi
fied tufoe feet The giant red sea cucumtier is the largest 
Califomia species and can grow up to 16 inches in length. It 
possesses fewer papiUae than the warty sea cucumfoer, whose 
papiUae are short and folack- tipped. These sea cucumliers footh 
are surface deposit feeders, using tentacles to ingest mud, sand, 
and deuittis. Large amounts of indigestible debris are ingested 
at the oral end with the aid of tentacles and voided via the anus. 

The giant red sea cucumfoer is found on die west coast of 
North America from Baja Calffomia to die eastem Gulf of 
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Alaska. The warty sea cucumfoer is found from Monterey Bay to 
Baja Calffomia. Although the giant red sea cucumber is found 
in low intertidal and subtidal waters in the northem part of its 
range, it is usuaUy subtidal to 300 feet m CaUfomia. The warty 
sea cucumber is commonly found uiteitidaUy to at least 90 feet 
It is uncommon and subtidal north of Pouit Conception 

Giant red cucumber, Parastichopus califomicus. 

Both spedes are unusual in that they undergo seasonal 
gains and losses ui weight. During the winter they lose up to 25 
percent of their weight due to a process called auto-evisceratioa 
During this process animals undergo visceral atrophy during 
which the gonad, water circulatoiy system, respiratory trees, and 
digestive system are reduced to primordial tissue by late winter. 
Regeneratkin starts soon afler and condition is recovered during 
die feeding period m spring and sununer months. 

Like other echinodenns, sea cucumfoers are broadcast 
spawners, with mature giant red sea cucumber females releas
ing up to several nulUon eggs during a spawning period 
Reproduction is assodated witii spring and summer warming 
ttends. Length ofthe lanal period has been shown to be quite 
variable with laboratory estimates at foetween 51 and 127 days 
from egg fertUization to larval settiement Settiement tends to 
occur in areas where adults are present, though population 
densities ofthe giant red sea cucuinber are generally low. much 
less than 0.05 per square foot in northem latimdes. Age of first 
maturity ranges between four and eight years and the maximum 
age is thought to foe 12 years. 

The giant red sea cucumtier prefers areas without strong 
wave action. Adults tend to clump in rocky intertidal and 
sufotidal areas with the largest individuals apparentiy found on 
sand; juveniles are thought to prefer mats of filamentous rod 
algae away from adults. Sea cnicumliers are preyed upon bv sea 
stars and occasionally tiy sea otters, kelp greenlmg, and hermit 
crabs Some spedes can crawl up to 300 feet per day and the 
giant red sea cucumber can avoid predators foy a tvpe of 
swimrmng motion 
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Status of Populations cumfoers have a relatively short Ufe span, a low maximum 
weight, a low age at first maturity, and undergo sporadic 
recruitment and a relatively high natural mortaUty. Spedes 
with these traits tend to have a low maximum yield per recruit 
and are particularly vulnerafole to oveifishing. Wlule it appears, 
based upon catch data, that southem CaUfomia populations can 
sustain a smaU fisheiy, northem CaUfomia peculations, particu
larly in Sonoma and Mendocino counties, cculd be rather Umited 

Peter Kalvass 
Calffomia Department ofFish and Game 

A typical vessel used by divers in the sea urchin, abalone, and 
sea cucumber fisheries. 

There is presentiy very UtUe known about sea cucumber 
populations in Calffomia Distributions on rocky or sandy 
substrates are characterized as patchy, without any apparent 
seasonal aggregating spawning or feeding behavior. Sea cu-
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FISH RESOURCES 

SHARKS, SKATES AND RAYS 

PACIFIC ANGEL SHARK 

History of the Rshery 

Discarded as a nuisance species by haUbut gUl nrt fisher
men for several decades, the Pacific angel shark (Squatina 
califomica) became one ofthe most sought after commerdal 
shark species in the Santa Baitara Channel during the I980's. 
Changes in consumer acceptance of sharks as high quality food 
fish and a concentrated marketing effon liy an innovative 
processor working widi local fishennen, stimulated develop
ment of die angel shaik fisheiy m the Santa Baibara Channel 
area in 1976. Two key elements led to the rapid growdi of diis 
fishery: mamtenance of quality and fireshness ofthe shark liy 
cleaning and dressing (removal of head and fins) at sea; and 
development ofa method to fUlrt this irregularly shaped shark 
to satisfy retaU distributors and consumers. 

In 1977 landings of dressed angel shark totaled 328 
pounds. By 1981, landings rose to 258 thousand pounds, and by 
1984, to 610 thousand pounds. Landings of angel shark ex
ceeded one miUion pounds annually in 1985 and 1986, replac
ing the thresher shark as the number one spedes of shark taken 
for food in Calffomia 

Calffomia commercial landings of angel shark, 1977-1991. 

Fishing effort tiiroughout die early development and ex
pansion phase was concenttated off Santa Baibara and Venttira 
counties and around the Northem Channel blands, espedally 
Santa Ciuz and Santa Rosa Islands. Landings began to decUne 
in 1987, dropping to 940 thousand pounds with an ex-vessel 
value of $542,000 and fiirther decUningto 248 thousand pounds 
($ 166,000) in 1990. Most of die catch continues to come firom die 
Channel Islands widi increasing effort at Santa CataUna 

The ex-vessel price for angel sharic in 1977 was 15 cents 
per pound. Tlie price rose to 35 cents per pound in 1982 ($1.60 

to $1.70 per pound at retaff markets) as demand increased for 
die firm, white fleshed shark. Witii contmued market demand 
and lower landings, ex-vessel prices m 1991 are 75 cents per 
pound dressed (head off) and 55 cents per pound whole RetaU 
prices have increased to $3.50 per pound 

Markrt development was linked to the popular but sea
sonal thresher shark, which is caught by the drift giU nrt fleet in 
the summer and feU. As suppUes of thresher shaik diminished 
in the winter, angel shark was promoted as a viable substittite 
Local demand grew rapidly as Santa Baifoara seafood retailers 
and restaurant owners found ready acceptance among consum
ers. In addition, angel shaik taken by the srt giU nrt flert is 
availafole throughout the year. 

Nearly every part of diis shark, with the exception of skin, 
cartUage, and o £ ^ is UtUized. The head and fins are sold as crafo 
bait, large fUlets are cut from the tnuik, and portion-controUed 
pieces from the tail are used in fish and chips dishes. SmaU 
inegular shaped pieces are used to make shark jerky. A yield of 
50 percent ofthe dressed shark (25 percent ofthe Uve weight) is 
generally expeaed 

The development of markets for angel shark was a signffi-
cant benefit to halifout fishermen, providing them witii a 
supplemental source of income. As demand inaeased for angel 
shark, innovative fishermen developed nets to hanest tiiem 
specfficaUy. Now most nets are 16-inch mesh (stretched diago-
naUy), as such nets yield foetter results widi less inddental catch. 
Because of dieir selectivity for market-sized angel shark, these 
nets catch only a few large CaUfomia haUbut Nonetheless, 8 1/2 
inch mesh gUl nets designed for haUfout continue to be used to 
take angel shark. Vfessels used in the fishery are generaUy in the 
25 to 40 foot range, suited for inshore coastal operations. 

The inshore srt nrt fishery wiU lie aUowed to continue only 
through 1994 due to die passage ofProposition 132, which bans 
gill nets in CaUfonua state waters (inshore of the three mile 
Une). Trawl vessels often catch a few angel shark uiddentaUy, 
but landings are insignificant compared to the srt gill nrt 
hanest. Fishing methods for small commercial boats which 
duplicate the ease of operation, effidency, size selectivity, and 
remm on investment of set giU nets have not, as yet, been 
dev eloped The periodic catch of marine mammals is a faaor 
which contributes to a negative pubUc perception of giU nets. 

A cooperative fisheries research effort tietween Santa 
Barfoara Channel angel shark fishermen, processors. Depart
ment ofFish and Game (DFG) biologists, university research
ers and extension personnel foegan in 1979 to obtain informa
tion on angel sharic distritxitions, migrations, growth rates, and 
evenmally reproductive rates. Memfoers of the commerdal 
fishing industiy, some of whom had experienced the dramatic 
decline of die soupfinshark fisheiy in the 1940's, helped initiate 
the investigations. Coupled with university research, the 
investigations helped fisheries managers develop a man
agemeni plan in 1986, with theparticipation and cooperation of 
the fishingcommunity. Development of regulatory guidelines 
for Ihis. and a few other fisheries, is an example of a 'co-
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management" approach involving a partnership of manageis 
and resource users. The drop ui landings after 1986 was 
partially attributed to a new size Urmt, though fisheries biolo
gists and fishermen agree that management regulations were 
initialed too late to maintain a sustamable yield angel shark 
fisheiy with the hanest leveb experienced in the mid-I980's. 

Pacffic angel shade, Squatina califomica. 

Status of Biological Knowledge 

The Pacific angel shaik is reported to occur only in the 
eastem Pacific CKcan from souttieastern Alaska to the Guff of 
CaUfomia and from Equador to southern ChUe. A gap ui 
(Ustribution separating subpopulations of 5. californica cxxurs 
between die equator and 20' north latitude. The southem 
popufetion was earlier reported as a separate species, S. armata. 

Angel sharks are relatively small bottom-dwelUng elas-
moforanchs, attaining a recorded maximum length of five fert 
and a weight of 60 pounds. Angel sharks caught commerdaUy 
in the Santa Baibara Channel generaUy range m size between 
tiiree and four fert total length, although size limits now aUow 
the take of females 42 inches and above and males 40 inches or 
more. Angel sharks are reported to range in depth from three to 
over 600 fert. Researchen obsened the spedes frequently 
between 50 and 130 fert around Santa CataUna bland and 
fishermen working the northem Channel blands report that 
most of their catches are between 30 and 240 feet 

Pacific angel shark are usuaUy found lying partiaUy buried 
on flat, sandy bonoms and in sand channeb between rocky reefs 
during the day, but they may become active at night with tagged 
specimens near Catalina movingfromafew fert to four nautical 
miles pernight However, individual sharks have been obsened 
to remain in die same place with no apparent movement for up 
to 10 days. 

Sonic tagging smdies conducted at Santa Catalina bland 
indicated that 11 sharks with transmitter tags remiained near the 
Island for i^i to 90 days, although movement around die Island 
was extensive. Conventional tagging experiments have also 
been conducted at Santa Cruz bland, Santa Catalina Island, 
and aking die Santa Baifoara County coastiine Recoveiy of 30 tags 
indicate diat aU but one angel shark remained in the same general 
vicinity in which they were tagged The tone exception was a shark 
tagged on die coast and captured tiiree and a haff years later at 
Santa Cniz bland Without further evidence from tag and rocov cr> 

data resource managers are assuming that isolated stocks may 
exist near islands, separated from the mainland and other 
islands by deep water channeb (including San Clemente, San 
Nicolas, Santa Baifoara, and Santa Catalina Islands). 

Several techniques have foeen utilized in an effort to age 
angel shark, fout to date aging dus spedes has foeen unsuocess-
fiU. Researchers have obsened that angel sharks are foorn widi 
six to seven foands in didr verteforal centra, but growth cmves 
based on size and band counts were found to be atypical. Both 
centrum edge histology and size frequency analysb have 
proven inconclusive. Sharks grown in the laboratory, along 
widi field-tagged, tetracycUne-injected returns, indkated no peri
odic basb for foand deposition in the veiteforae, but indicated diat 
calcified band deposition is more related to rapid somatic growth. 

Using comfoined feg and recapture data from several 
sources, along with juvemle growth data, estimated param
eters ofthe von Bertalanffy growth equation were detennined 
for the angel shade. These were utilized to plot giowth cunes 
to aid in constmcting Iffe tables and in developing manage
ment recommendations. 

Reproduaive studies using spedmens coUected from com
mercial gUl net boab off the Santa Barbara County coast 
showed that sexual maturity m both males and females occurs 
between 35 and 39 inches total length. Embryos present per 
female range between one and II , with a mean of six pups 
produced annually from March to June. A 10 month gestation 
period was estimated for this species. 

Major prey items of angel shark reported liy researchers at 
CataUna include queenfish and folacksmith in the summer and 
maikrt squid in the winter. Fishennen in the Santa Barfoara 
Channel report that mackerel and Pacffic sardines are found m 
angel shark stomachs during the feU and eariy winter, along 
with squid which predominates during the winter and spring. 

Status of Population 

The rapid increase in angel shark landings foetween 1983 
and 1986 led to concem diat stocks were being over-exploited 
Over 79,000 individual angel sharks were reported to have been 
taken during die 1985-86 season (March to April). Considering 
the low fecxmdity and apparent lack ofsignificant migrations of 
angel sharks, the need to develop a management plan became 
critical. A minimum rrtention size Umit was proposed by DFG 
m 1987 and tiecame law in 1989. Because these sharks are 
nearly always retrieved alive, Umiting retention size b a viable 
regulation However, landings had decreased before the uicep-
tion ofthe regulation, mdicating a declining population along 
die Santa Baifoara-\%nttira County coastUne and around the 
Northem Channel Islands. The minimum size restriaion b 
foeUeved to have foeen effecth'e in decreasing the numbers of 
immature sharks hanested, and also to have deCTeased han'est 
pressure on exploited stocks. However, additional popufetion 
studies are needed to confirm thb effect 

John B. Richards 
University of Calffomia, Santa Barbara 

Sea Grant Extension Program 

47 SMB-26783 FISH RESOURCES 



References 
Bedford, D.W. 1987. Padfie angel shark management information 

document. Califomia Department ofFish & Game, Long Beach 
(unpublished document). 

CailUet, G.M. 1990. Elasmobranch age deteiminalion and verifica
tion: an updated review. In: Elasmobianchs as Uving resources: 
Advances in the biology, ecology, systematics, and the status of 
fisheries. H.L. Pratt Jr, S.H. Gruber, and T. Taniuchi, eds.) 
NOAA Tech Rept. 90 (1990) 

Natanson, L.J., G.M CaiUiet and B J \ . Weldon. 1984. Age, growth, 
and reproduction of the Pacffic angel shark (Squatina califor
nica) from Santa Barbara, CaUfomia. Am. Zool. 24(3);130A. 

Richards, J.B. 1987. Developing a locaUzed fishery: the Pacffic angel 
shark, p. 147-160. In: Sharks: an inquiry into biology, behavior, 
fisheries, and use. S. Cook(ed)£M8330. Oregon State Univer
sity Extension Service, CorvalUs, OR 

LEOPARD SHARK 

History df the Fishery 
The leopard shark (Triakis semifasciata) is valued as Ixith 

a food and game fish in Calffomia; it b not uncommon in fresh 
fish markets and has a firm, mild-tasting flesh. The distinctive 
maricings and hardiness of tiiis fish also make it desirable for 
aquarium displays. 

The scope ofthe fisheries for leopard shark is difficult to 
estimate for two reasons: an unknown portion of the commer
dal catch may be landed under the general categoiy "shark, 
unspecffied"; and statbtics on leopard sharks caught by recre
ational anglers have been madequate until the foegitming ofthe 
last decade. 

Total commercial landings for Calffomia reported under 
the "leopard shark" category have ranged from 9,270 pounds 
in 1958 to 101,309 pounds m 1983. The value to fbhermen 
averaged around $37,000 per year in the 1980's. These land
ings, wlule not extensive, have uiaeased in the south and 
deaeased in the north over the past decade. Landings in 
isouthem CaUfonua tiegan mcreasing in 1981, and in 1985 
surpassed landings in northem Calffomia for the first time 
since the colleaion of statistics foegan in the 1940's. Legbfetive 
cuitaiUnent of mshore gUInetting in the San Francisco/Monte
rey Bay area probably contributed to much of the decline ui 
northem Califonua lancUngs afier 1986. 

Judguig from estimates made since 1980 by the National 
Marine Fisheries Service (NMFS) Marine Recreadonal Fbher
ies Statistics Suney, the recreational \eopaid shark catch ap
pears to foe greater, although these estimates are subject to large 
sampUng variafoUity. According to the survey, sport landings in 
CaUfonua foetween 1980 and 1987 averaged over 270,000 
pounds per year and were estiinated at 719,608 pounds in 1987. 

The importance of recreational anglers as users of die 
resource in central Califomia was confirmed by analysis of 
recoveiy pattems of 948 tagged fish released in the San Fran
dsco Bay area in 1979 foy die NMFS. About 82 percent of die 
108 recoveries were retumed liy sport anglers, while ordy 12 
percent were remmed tjv commerdal fbhermea Ofthe recrea

tionally caught returns, 54.5 percent came from skiff7private 
boat anglers, 40.9 percent came from shore anglers, and only 
4.5 percent came from partyboat anglers. Leopard sharks are 
commonly taken from piers and jetties, and are known to 
congregate around the warm water ouffalb of power plants. 

A variety of fishing methods and gear types are used in the 
fisheries for leopard sharks: angling with baited hooks, 
spearfishmg by divers, giUnetting along the coast, and some 
commerdal longUning. Recreational spearing reportedly oc
cun in Humboldt Bay in shallow water. GUlnrt catches wiU 
probably continue to decUne with increasing legblation re-
strictinguse ofthese nets in coastal waters. Some leopard sharks 
are also taken inddentaUy in ocean txittom trawl catches. 

Because of ib slow growth rate, late sexual maturity, low 
fecundity, and easy acoessifoUity to fishermen, thb spedes b 
considered susceptifole to fishing pressure. Fishing mortaUty 
rates and Iffe histoiy parameters indicate that with the current 
amount of fishing pressure, some measure of protection would 
lie necessaiy to assure population replenbhment 

Leopard shark, Triakis semifasciata. 

Status of Biological Knowledge 
The leopard shark, also known as "tiger shark" and "cat 

shark," ranges from Mazadan, Mexico, into die northern Guff 
of Calffomia, and north to Oregon. Abundant in cool to warm 
temperate zones, it is most common in shaUow water from the 
mtertidal down to 15 fert and less so in deeper water down to 
300 fert. This species seems to favor enclosed muddy bays and 
sloughs, espedally in northem Calffomia, al thou^ it b not 
unusual to find it along the open coast and aroimd islands off 
southem Calffomia, where it frequenb kelp foeds and sandy 
foottoms near rocky reefs. 

The popufetion stmcture throughout ib range is not dearly 
understood, fout is thought to consist of regional stocks among 
which there is relativdy Utde exchange. Nevertheless, tagging 
smdies in central Calffomia have shown that diere is some 
mixing tietween stocks in San Frandsco Bay and EUchora 
Slough in Monterey County. There b no infomiation on ex
change among other regional stocks, but such exchange b 
presumed tobe Umited. 

By examining calcified growth zones in verteforal centra, 
age and growth of leopard sharks from central Calffomia have 
been drtermined. Growth rate b generaUy slow (averaging less 
than one inch per year), with considerable indivichial variation. 
The maximum recorded and verified length is about six feet; 
however, tnost adiilts are smaUer than that. The maximum age 
is presumedtobe around 30years; the oldest ages that have foeen 
determined fo>' reading calcified rings on vertebrae, are 24 years 
for a 53-inch male, and 20 yeais for a Sl-inch female. The 
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largest female aged so far (a 55-inch specimen) was estimated at 
19 yeais. Size at foirth is about eight to 10 inches in total length. 

The Uve-tiearing female leopard shark produces from 
seven to 36 offspring in an annual reproductive cycle. Males 
mamre at seven years, and females at 10 years, when fish reach 
lengths tietween 40 and 42 inches total length. The gestation 
period is estimated at 10-12 months. Birth apparentiy takes 
place in die spring from March through July. The only known 
eye-witness account of leopard sharks giving birth in the wUd b 
that of a fbherman who (^served pupping activity at CataUna 
bland in southem Calffomia in the 1940's. Dozens of large 
females, with backs and dorsal fins breaking the surface of the 
water over a shallow mudflat in CataUna Hadxir, were obsened 
rdeasingdieir pups in die three tofour-fcxit deep water,soine of die 
pups vwre seen milling around in water only about a foot deep. 

This shaik b an opportunistic lienthic feeder. Invertebrates 
taken include crabs, ghost shrimp, clam siphons and sometimes 
whole clam focxUes, polychaete worms, fet innkeeper wonns, 
and octopi. Fishes in die diet include herring, anchovy, 
topsmelt, croakers, suifperches, gofoies, rockfishes, midship
man, flatfishes, and small elasmobranchs such as 
smcxithhounds, guitarfish, and bat ray. Leopard sharks season
ally consume the eggs of herring, topsmelt, jacksmelt, and 
midshipman. 

Predators ofthe leopard shark are not known, but young or 
smaller uidividuab may be preyed upon liy larger sharks such as 
the sevengiU and sixgUl shaiks, which are known to enter bays. 
The phenomenon of young sharks being preyed on by larger 
sharks is not uncommoa 

These strong swimming, nomadic sharks often occur in 
schools, sometimes with smooth-hounds, which abo belong to 
the houncbhark femily. Numtiers of animab may suddenly 
appear in an area, then move on. Although generaUy timid and 
waiy of divers, there b one record of an attack on a skin diver in 
1955 in Calffomia Peaoral fin nipping of smaUer individuab 
by larger ones has lieen observed in fbh held in captivity. 
Evidence attests to die hardiness of these fish, both in their 
abUity to thrive in captivity, and in their capadty to recover from 
the trauma of hooking injuries. 

Migrations of diis spedes have been smdied in centtal 
CaUforma. Resulb of die San Frandsco Bay tagging projed 
revealed that at least 10 peicent of the resident popufetion 
moves out ofdie bay into tfae ocean duringfall and winter. Afish 
lagged in SanFrancisco Bay was recapbired in Elkhom Slough 
and vice versa, indicating some exchange between these stocks. 

Status of Population 
The size of the Calffomia leopard shade population has not 

foeen estimated, and the only infoimauon on relative changes in 
stock abundance is that which can tie inferred from catch 
statistics. There is evidence, however, that fluctuation in 
catches may not be a reifeble indicator of changes in stock 
abundance, as environmental conditions may abo affed pat
tems of avaifebiUty or vulnerabUity ofleopard shaiks to capture. 
Inaeased comniercial and recreational catches have been ob
sened in the San Frandsco area in heavy delta outflow years. 

inCTeases that tagging resulb incUcate do not appear refeted to 
immigration of sharks from other areas. 

Susan E. Smidi 
National Marine Fisheries Seniee 
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THRESHER SHARK 

History of the Rshery 
For a short span of 10 years tsegiiiiiing Ul 1977, the thresher 

shark (/llopias vulpinus), abo known as the common thresher, 
was the subjed of an important commeidai fishery. During its 
peak year, 1982, over 2.3 milUon pouncb of dressed meat were 
processed for Calffonua fresh fish markets. This fbheiy began 
and expanded rapidly, driven liy a new pufolic healtii consdous-
ness and consumer acceptance of shade meat as a dietaiy ahema
tive. It ended almost as suddenly due to overfishing, necessitating 
die implementation of increasingly strirt regulations. 

During the early years of commerdal hanesting, thresheis 
were pursued in wateis offsouthem Calffomia and die Channel 
blands. But each year afier 1982 forought a new expansion to the 
noith, first to Morro Bay, then to Monterey and San Frandsco. 
During the feter yean, experimental fishing was conduaed off 
die Columbia River mouth off Oregon and Washington 

The thresher shark b stUl pursued to a far lesser extent by 
local fishermen from porb tietween San Diego and Mono Bay, 
but now primarily as an inddental catch ui the more profitable 
drift giU net fishery for swordfish. The coasmide fisheiy for the 
once abundant thresher b now a thuig of die past It may be 
many years before stocks can once again foegin to support the 
demancb of commennal exploitation 

The commercial thresher shark and subsequent swordfish 
fisheries brought with them the introduction of the large mesh 
(14 to 20 inches), surface or drift gUl net Ttiese are nets 
measuring up to 6,000 fert in length and spanmng to a depth of 
60 to 100 feet When fished, die drfft giU net hangs verticaUy in 
the water column strrtched between a buovani corkUne and a 
lead<ore line. During fbhing operations the boat remains 
attached to one end of the nrt in oider to keep UK nrt strrtched 
to its fidl length. These nets have priA'en to be highh effident in 
capturing pelagk shark species. 
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Itn m n 

CaUfoniia conuiiaoal landings ofeommon thresher shaik, 1977-1991. 

Over the last several years some important steps have been 
taken to fiuther reduce hanests of the thresher shark. Out of 
concem for decUning stocks, Oregon canceled experimentation 
with the development of a coastal thresher shark fishery. 
Simultaneously, Washington canceled ib experimental fishery, 
altiiough the reasons given had more to do with the inddental 
take of marine mammals and sea turtles, than with concerns 
that the thresher stiark stock might lie decUning. In Calffomia, 
seasonal lestrictions on the use of drift gUl neb have now 
eliminated die direded fishery for these sharks. 

Common thresher shark, Altyias vulpinus. 

Status of Biotogical Knowledge 

The thresher shark b distributed throughout the coastal 
regions of die warm and tempeials oceans of the world. It 
appears to foe atiundant only within a distance of about 50 miles 
from land Thb coastal habit along with i b worldwide distrifou
tion, unplies that tiiere may foe many isolated subpopufetions or 
stocks. The hypothesb that a local stock exisb in the eastern 
Pacific b supported by evidence gadiered from the west coast 
fishery. During the short duration of this fisheiy, some age 
segments of thresheis were depleted. These have not been 
replaced by inunigration from the oubide Other evidence 
includes differences in size at reproductive mamrity from 
different geographic areas within the worid popidation distribu
tion. SimUarly, diere are differences in die number of young 
carried tiy pregnant females. For example, smdies conducted in 

J h e Indian Ocean found that 8.S-foot females were mature and 

txire only two pups Off Calffomia females do not mature prior 
to reaching 14 fert and typicaUy bear four pups. 

ff such alocal stock does exist, then observational evidence 
suggests that its (Ustribution ranges seasonaUy from approxi
mately mid-Baja Calffomia, Mexico, to Xkncouver Island, 
Britbh Columbia, Canada 

It has lieen estiinated that thresher shaiks may Uve for more 
tiian 30 years, aldiough estimates of age for individuals are sdJl 
somewhat crude. Females may attain a total length of about 20 
fert. Males are smaUer, growing to a maximum lengdi of about 
16 feet OS' the U.S. west coast, female threshers mature at a 
total length of ai^roximately 14 feet, males at about 11 feet 
Since die tail ofthe thresher makes up about haff i b total length, 
diese lengths may seem deceptively large. The female will 
attain thb length in about seven years; the male will reach hb 
mamre size in about five years. 

As widi all shaik species, reproductive rates are veiy low. 
Thb is uncharaderistic of most fishes and b similar to repro
duction in mammals. The thresher shade gives Uve foirth to fidly 
developed pups. Mating takes place during the midsummer 
The gestation periexl lasb nine months. Aimualty during the 
spring months, the female may give birth to an average of four 
pups, each having already attained a length of four to five feet 
Reproduction b ovoviviparous, meaning diere b no placental 
attachment to nourish the developing embiyos. Instead, they 
obtain their nourishment by eating other eggs within the utems. 
Thb arrangement b entirely unitiue to some shark spedes. 

The shallow neaishore waters off southem Calffonua 
provide a suitafole nurseiy area for thresher sharks where they 
spend die first couple of years of Ufe. During most yeais 
concentrations of young threshers m ^ lie found within two or 
three miles off the beacties firom Sama Baibara County through 
Santa Monica Bay. During unusuaUy warm-water years these 
young fish may be found as fer north as Monterey Bay. 

Despite their large size, thresher sharks have refetiveiy 
small terth and a smaU mouth. Thdr dirt consists mostly ofbait 
fishes, the prindpal one fodng the northern anchovy. UnUke the 
other pefegic shaik spedes off Calffomia, the duesher does not 
appear to be an opportunistic feeder. Duhng warm-water years, 
when pelagic red o a t s are present in great quantities, it has 
foeen obsened that threshers taken from a n d that abo contains 
folue shaiks or shortfin makos will have only anchovies in the 
stomach, while the other shaiks may foe gorged on the fer more 
abundant pelagic red crabs. 

Probably few predators exist for the thresher shark due to 
its ferge size even at birth. Aside from man there b only one 
known. A large mako shaik approximately seven fert in length 
wits found to have two thresher pups in i b stomach. 

It is apparent from the records ofthe drift gUl nrt fisheries 
from Calffomia, Oregon, and Washington, and from the Cali
fonua inshore set giU net fisheries, that a migration of thresher 
sharks moves north and south annually along the west poast 
Large adult tlueshers pass through southera Calffomia wateis 
in the early spring of the year. They appear to remain ui these 
offshore w aters from one to two months. Thb coincides widi the 
time of pupping, afterwhkh die newbom pups move into shaUow 
nearshore waters. The adulb then continue to foUow the wanning 
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water and perhaps schoob ofbait northward By late summer these 
large adults have arrived off Oregon and Wahington 

During early summer subadult memfoers ofthe stock arrive 
offsouthem Calffomia As summer progresses these sufoadult 
threshers also move up the coast fout do not af^iear to continue 
much farther north than about San Frandsco. 

By fall this migration has reversed. Subadults once again 
arrive in waters around the Channel Islands. It b not known 
what happens to the large adulb which are not seen again untff 
the foUowing spring. Pertiaps they do not retum to waters off 
southem Calffonua until winter, when fbhing aaivity has 
normally ceased. Vfciy young individuab remain in local, 
nearshore shaUow waters off southern CaUfonua until they 
reach two or three yeais of age. At that time, they too presum
ably foegin the annual migration 

Status of the Population 

Between 1977 and 1982 die sufoadult (4- to 6-year olds) 
portion ofthe thresher shark population made up the bulk ofthe 
commerdal shark fishery. During those years dus segment of 
midcUe-size fbh was effectively removed from the population, 
so that after the nud-I980's these subadult fish were almost 
undetectable in our daUy sampling ofthe catch. The impart of 
thb hole in the age structure ofthe coastal thresher stock wiU 
probably lie felt for many years. 

There can be UtUe doubt that the thresher shade popufetion 
of the west coast has been reduced substantially from what it 
was in the niid-1970's. Duringthe early 1980'swe believed diat 
the reported Pacific wide distribution would ad as buffer 
against overharvest and would, in effect, provide time to smdy 
the diticai biological attributes ofthis spedes. Hindsight has 
shown that to tie a poor and cosdy assumption. The repeated 
faUures of other shark fisheries elsewhere in the worid under
scores the need for a fresh, more conservative approach to shark 
management If there is a positive note, it b that the thresher 
shark may have provided west coast fisheries managers with a 
valuable lesson while there are stiU many other shaik spedes in 
a refetiveiy unexploited state 

FinaUy, whUe die thresher shark's low reproductive capac
ity places Umib on ib capadty to recover, there are recent 
reports fiom researchers sanqjUng wholesale maikets, that 
some midsize shaiks are begiiming to reappear in their 
samples. Thb is a positive sign that the very restrictive fbhing 
regufetions of recent years m ^ foe having a desirable effect 

Dennb W. Bedford 
Calffonua Department of Fbh and Game 
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SHORTFIN MAKO 

History of the Fishery 

Since the late 1970's the shortfin mako (Isurus 
oxyrinchus), also known as the foonito shaik, has foeen taken 
incidentally in the commercial drift giU nrt fbheries for 
thresher shark and swordfish. Not untU 1987 was a fbheiy 
begun which specifically sought mako. 

There are good reasons why the mako is only now becom-
ingthe primaiy targrtofacommerdal fbheiy. Although readily 
maiketable, the makos offsouthem Calffomia average only 34 
potmds dressed. The thresher, which generated a major fisheiy 
during the fete 1970's, had an average dressed weight of about 
150 pounds. As long as thresheis were plentifid, fishermen paid 
UtUe attention to the mako. This situation might have changed 
during the inid-1980's when the duesher popufetion began to 
show signs oia serious decline. But the drift ^ 1 net flert which 
pursued the thresher also took a more valuable spedes -
swordfbh. These fish had a commercial value of $4 per pound 
compared to $ 1 per potuid for most shades, and averaged nearly 
200 pounds dressed. It is not surprbing. then, that the drift giU 
net flert has given UtUe regard to the mako. 

Califomia commercial landings of shortfin mako (bonito) shark 
1977-1991. 
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It look the appUcation of an entirely different fishing gear 
to create commercial inteiest in the mako. During 1988, the 
Clalffomfe Fish and Game Commission estabUshed an experi
mental shark fishery for makos and blue shaiks using drift 
longUnes. These longlines consist of three- to four-mile lengths 
of stainless steel cable to which leaders and baited hooks are 
attached. The cable is buoyed at intenals of approximately 250 
to 300 feet so that the entire length ofthe longUne remains in the 
near-surface zone. Ten vesseb were given permission to use the 
gear in hopes that a market could be developed for the blue 
shark. After duee years, UtUe progress has been made towards 
achieving this objective, Ixit it has been demonstrated beyond 
doubt that longUnes are a potent gear for capmring makos. 
During the first year of operation, 240,000 pouncb of mako were 
deUvered foy 10 vessels. LancUngs equaled the entire inddental 
catch by the 250-vessel drift giU net fleet 

At some point during the niid-1980's, the mako capttu-ed 
the attention ofthe southem Calffonua sport fishing public. It b 
curious that Utde attention had been given makos prior to that 
time since makos have foeen esteemed as game fish for many 
years along the U.S. east coast. But between 1986 and 1989, 
estimates of the number of Calffonua angler trips for makos 
grew ten fold from 41,000 to over 410,000 armually Commer
dal passenger fishing vesseb (party boats) now run shaik 
fishing trips on a regular basis from nearly aU southem Calffor-
nia ports. The number of mako toumamenb now takes second 
position only to marlin tournaments as southem CaUforrua's 
most prestigious saltwater fishuig events. 

Shortfin mako shark, Isurus oxyrinchus. 

Status of Biotogical Knowledge 

The shorffm mako is distributed throughout the warm and 
mid-temperate oceans of the world. In the eastem Pacffic, it 
ranges from Chile to the Colun^ia River, although during most 
years it b seldom seen north of Poiitt Conception. It b consid
eied an oceanic spedes and ckies not tend to venture uito the 
green nearshore waters off our coastUne. Evidence firom track
ing usmg sonic deptii transducers mdicates that while off 
southem CaUfonua the mako remains in the warm offishore 
suiface waters. 

\^iy litde is known about the existence of subpopulations 
or stocks from differing parts of die worid's oceans, aldiough 
given die shortfin mako's warm-water distribution, geographi-
caUy isofeted stocks must surely exist Evidence from size 
avaifebiUty, tag-recapture, and catch data suggesb that south
em CaUfomia waters and waters off Baja Calffomia, Mexico, 
define the Unuts of an unportant nurseiy area for some segment 
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ofthe Pacific shortfin mako popufetion. High recapture rates for 
tagged juveniles reveal that newly bom makos remain in these 
waten for about two yean after binh. Mature and suladult 
individuab are rare off Calffonua. The commercial and spon 
catch consist almost entirely of newbom to two^ear-old fish. 

There b an ongoing disagreement surrouncUng the proper 
aging of shortfin makos, particularly in the large size classes. 
Young makos appear to growfeirly rapidly. A two-year-old fish 
may reach nearly five fert in total length. After two years, 
however, growth rate is less weU defined. The maximum size 
reported was about 13 fert. It b possifole that this fish was as old 
as 40 years. 

Males mature at sbc feet, while females do not mature until 
they reach approximately nine feet Females either mature at a 
much later age than males, or the sexes grow at greatly differing 
rates. The truth probably Ues somewhere m betweea Accord
ingly, males may mature as early as four yean, but females, even 
by the most generous estimates of growth, (kl not mature prior to 
seven or eight yean. 

A pregnant female may have up to 18 pups. Like the 
thresher, shortfin makos are ovoviviparous. The embryos have 
no umfoUical atfechment to the mother and receive aU their 
inttauterine nourbhment by eating other eggs. At foirth, the 
pups are approximatety 2.5 feet in length. Given what b known 
of the growth rate of young pups, this birth size b consistent 
with a gestation period of less than a single year. Much bask: 
mformation is StiU to be leamed afoout this important species. 

The shortfm mako is a top camivore in tbe ocean food 
chain It is known to prey upon many spedes of fbh. With its 
poweiful StreamUned frame and great speed, acfadb are known 
to prey on tunas. Other items in the adults' dirt probafoly include 
several marine mammals. But the mako, like many of its 
oceanic relatives, is an opportunistic feeder. It may eat whatever 
b abundant in ib surroundings. 

Status of Population 

The shortfin mako popufetion, Uke other truly oceanic 
shark populadons in the Pacific, is beUeved to be healdiy and 
relatively unexploited This evaluation, however, is based 
largely on a feck of information concerning exploitation radier 
than a positive afiiimation of the health ofthe population. 

Adult makos do not fiequent Calffonua's coastal waten 
and so are not subjert to local fbheries. The real threat to die 
mako popufetion off CaUfonua and dsewhere in the eastem 
Padfie Ues in the potential for overdevelopment of fisheries 
widun the coastal nurseiy. This threat b particularly insidious, 
as the effert of overfishing may not maiufest itseff for a number 
of yean until the missing juveniles would themselves have 
foecome the spawning stock. A sudden popufetion collapse 
might foUow. One can only hope that the lessons leamed from 
die duesher and other shaik fbheries around the worid wiU 
uispffe a more consenative approach to fiiture fbheries devel
opment on die shortfin mako and odier shark species. 

Dennb W Bcdfonl 
Calffonua Department of Fbh and Game 

t 
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boats from two to seven nights per week. Catches average 10 to 
40 folue sharks per trip, altiiough this varies throughout year. 

BLUE SHARK 

History of the Fishery 
Until recently blue sharks (Prionace glauca) were not a 

major target of Calffomia's reaeational or commerdal fisher
ies. Urea stored in their blood system quickly tums to ammonfe 
when the shark dies, thus rendering the meat unpalatable. 
Development of a quaUty meat produa has foeen the Umiting 
faaor in creating commercial interest Only two serious at
tempts at developing a quaUty food prcxlua in CaUfomia have 
occuned. The fust took place ui 1979 and 1980 when one vessel 
fished blue sharks experimentally with longline gear. Produa 
quality was judged lo tie gocxl enough to establish blue shark as 
a viable altemate fishery, and 150,000 pounds dressed meat 
were sold at afoout $0 25 per pound. Although market uiterest 
developed in several westem states, a steady demand could not 
be assured and the fishery was discontinued 

The second attempt at developing a fcxxl prochict began in 
1988 with an experimental longUne fishery direaed at shortfin 
mako (Isurus oxyrinchus) and blue shark. Participanb in the 
fishery were requffed to develop a markrt for human consump
tion with the bycatch of folue sharks which were not released 
alive. In 1989 and 1990, atotal cff54,000 pounds of folue shaik 
was sold for makingjerky and'^sh andchips." It wasdearfrom 
tiiese attempts however that a quaUty food produd and related 
maiket had not been achieved Partidpanb in the fishery 
substantially reduced the incidental mortaUty ofblue shaiks foy 
developing a hook removal tool which allowed up to 88 percent 
ofthe blue shark catch to be released unharmed As a result the 
requirement to develop a wholesale maikrt for blue sharks w as 
dropped Ul 1991. 

The reaeational catch ofblue sharks has grown tremen
dously in recent yean. Estimated annual catch increased 10-
fold between 1981 and 1988 widi over 400,000 angler-tirips on 
private boats which had "sharks" (including mako sharks) as 
die primary or secondaiy target spedes. Most southem Califor
nia spon fishing areas offer shark fishing trips aboard charter 

Commercial landings of blue shark, 1980-91. 

The greatest source of fishing mortality for southem Cali
fonua blue shaiks over the past two decades piobably occuned 
as a result of their incidental capture during the devetoping 
years of the drift gUl net fisheiy for swordfish and threshei 
sharks. Annual estimated bycatch m the fete 1970's and early 
1980's was between 15,000 and 20,000 blue sharics. Changes Ul 
season length, flert size, time-area closures and the use of large 
mesh neb substantiaUy reduced blue shark mortaUty, allhough 
tiiere are no reported estimates cf current mortaUty ui thb fisheiy. 

Blue shark. Prionace glauca. 

Status of Biotogical Knowledge 
The folue shark b circumglobal in tropical and temperate 

waten. It b epipefegic and generaUy considered atiundant in 
the coastal and offshore waten ofthe westem United States and 
Mexico. In the north Pacific, seasonal migrations occur foe
tween 20° and 50° N fetimde. The northward movement 
extencb into the Guff of Alaska as waten warm in the summer 
months, reversing southward during winter. A seasonal segre
gation liy sex may foe influenced by water temperamre. Mamre 
females tend to start thdr nordiward journey as wanner water 
moves northward while juveniles of both sexes follow close 
foehi nd. Large males start later and tend to stay fiirther offshore. 

Blue sharks are viviparous. As such, dev eloping embrvos 
are nourished initially from a yoUc sac. Once die yolk sac b 
exhausted developing young obtain nourishment and o.xvgen 
from the matemal blood stream dirough a placenta Blue sharks 
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are released fiiUy formed and independent at birth. Gestation is 
nine to 12 months. Brood size varies considerably depending on 
the females size and concUtion, with over 100 young in a single 
brood reported although 20 to 40 young are more typical. Off 
Califomia mating occurs in fete spring tp early winter The 
Southem Calffomia Bight (SCB) is a majorbuthing area and b 
generally considered a nursery area for mimamre blue sharks, 
where they are often seen cruising slowly with their dorsal fm 
and dorsal taU lobe sticking out ofthe water. Females mature at 
five to six yean and males mature a year earUer Maximum age 
is estimated to beat least 20 yean. 

Blue sharks feed opportunistically on smaU pefegic fishes 
mcluduig jack mackerel, northem anchovy. Pacific herring, 
market squid and red CTab. Juveniles make shoreward move
ments at night to feed in shaUow water especiaUy ui the SCB, 
where numerous islands and submerged banks provide ample 
prey. They also feed on marine mammal canion fout are not 
known to attack healthy incUviduals. 

Status of Population 

The size of CaUfomia's folue shark stock is unknown 
Lcx:al abundarxre undergoes major seasonal fluctuations with 
juverules to three year-olcls most abundant in the coastal waters 
from early spring to early winter. Mature adults are uncommon 
in coastal waters. 

Fishery-dependent cfeta needed for determirung abun
dance, mortality, etc. are lacking because folue sharks are 
usually cU scarded at sea and the catch often goes undocumented. 
Local abundance depends on recruitment of juvenUes and 
immigration of in(Uviduals from Mexico and offshore into 
Calffomia waten. Allhough there are no abundance estimates 
Oocal or Pacffic-wide), some fishermen and field biologists 
speciUate that there are fewer folue sharks than there were 10 
years ago. The combined mortality firom reCTeational anglers, 
commerdal set net and drift net fisheries, Mexican fisheries 
and foreign high-seas fisheries undoufotecUy has the potential to 
impaa the population and the local folue shark stock to an 
unknown extent. 

David B.Holb 
National Marine Fisheries Service 
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COW SHARKS 

History of the Fishery 

Two species of cow sharks (famUy Hexanchidae) occur 
along the Calffomia coast; the sixgiU shark (Hexanchus 
griseus) and sevengiU shark (Notorynchus cepedianus). 
SevengUl shaiks were among the most common spedes taken 
during shark fisheries of die 1930's and 1940's. Even after tius 
fishery coUapsed, these shaiks were taken in considerable 
numben during fishing competitions in San Francisco Bay in 
the 1950's and 1960's. The popularity otJaws movies in the 
iTiid-1970's forought renewed interest in shaik fisliing. Several 
operators m die San Francisco Bay area targrted their charten 
on sevengiU sharks, and as recenUy as the mid-1980's these 
sharks were stiU the objea of a popular sport fbheiy in San 
Frandsco Bay. Aldiough caught primarily by reCTeational 
fishermen, sevengUb are caught inddentaUy in commerdal 
fisheries for other species. 

The sLxgUl shark is also an incidental catch, especially in 
trawl and gUl net fisheries. It frequendy appean in fish 
markets and at cUning establbhments, fout exaa cfeta on the 
extent of this fisheiy is lacking. Both species are typicaUy 
either discarded or sold as "shark, unidentffied," making it 
difficult to quantify lancUngs. 

Status of Biotogical Knowledge 

The sevengiU sharic has a world-wide distrifoution in most 
temperate seas, the only notable exception foeuig its absence 
from the temperate waten ofthe North Atlantic. In the eastem 
North Padfie, sevengiU stiarks range from southeast Alaska to 
tiie Guff of Calffomia, with their distrifoution becoming spo
radic south of San Frandsco Bay 

It is a fairly common coastal spedes which frequently 
enten foays and although rarely occurring below depdis of 300 
feet, is found occasionaUy to depths of over 600 feet 

SevengUl shaiks are ovoviviparous. Males mature at afoout 
five feet and grow to afoout eight fert. Females mature at around 
seven and a half feet and may grow to at least ten fert. The young 
are bom during the spring at foetween 14 and 18 inches aftei a 
year's gestation period The Utten are laige, with 80 to 100 
young foeuig bom per pregnancy. Humtioldt Bay and San 
Frand SCO Bay are areas that sevengiUs use as breeding grounds. 
The young remain within the viciruty ofthe nursery grounds for 
the fint few yean of Iffe, foefore ranging fiuther afield upon 
entering adolescence. 

The sevengiU shade b an active predator that feetb at or near 
the top of the food chain The main prey items inchide other sharks, 
baioids, teleosts, and marine maminab. In most areas where it 
occurs, the sevengiU shark b displaced only by the white shark and 
kUlcr w hale as the top nearshore marine predator. 

The sLxgiU shade b one cf the widest ranging of aU shark 
spcocs. witii a circumglobal distriliution from northem and 
temperate areas to the tropics. It occasionally occun close inshore. 
b«j IS most common bdow a depth of 300 fert and has been 
nxordol ai dqpths of over 7,500 feet In the eastem North Pacific 
this <;pccics occun from die Aleutian blands at least to soudiem 
Baja California 
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The sixgiU shark mamres at about 10 feet for males and 13 
feet for females. Adult males typically remain in deeper water, 
where mating and courtship take place. Females move onto the 
continental sheff during the spring to drop their litter Ttiis is 
one of the most fecund spedes of sharks with a Utter size 
between 50 and 100 young. The size at buth is between 24 and 
29 inches. Newfoom and juvenile sLxgUls usually remain on the 
sheff and uppermost slopes until they reach adolescence, at 
which time they move fiirther (town the slope and into deeper 
water It is the newborns and juvemles that typically seem to stray 
close mshore and occasional^ ev en occur ui lays and haifoon. 

The sixgUI shark is a ferge, active, powerfid predator that 
feeds on a wide variety of prey spedes, including other sharks, 
rays, chimaeras, and bony fishes, as well as squids and crabs. 

Status of Populations 
The main concentrations of sevengUl sharic popufetions in 

Califomia appear to be in Humboldt and San Frandsco Bays, 
both of which sene as nurseiy grounds for newtxims and 
juveniles. Damage to either of these areas could have an adverse 
effea on the population. Outside these bays there is Uttie reUable 
information regarding the status of sevengiU shark populations. 

There is no irfformation on the population stams of the 
sixgill shark. 

David A. Ebert 
Ocean Resource Consulting Assodates 
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OTHER MACKEREL SHARKS 

History of the Rshery • 

The mackerel sharks (Order Lamnfformes) are a small, but 
diverse group containing seven famiUes, five of which occur 
along tiie Calffomia coast. In addition to mako and tiiresher 
sharks, there are three adcUtional mackerel shade species that 
are caught or have been fished along the coast: tiie basking 
shark (Celorhinus maximus), white shark (Carcharodon 
carcharias), and salmon shark (Lamna ditropis). 

Tbe basking shark has been die object of occasional 
localized harpoon fisheries off the CaUfoniia coast and else
where The fishery hasfoeensporadicdue to periodic declines in 
die stocks. As with most shark species the basking shark is slow 
growing, long-lived and probably produces relatively few 

young. The Calffomia tasking shark fishery began in the 
1930's and peaked during the 1940's and 1950's. The meat is 
UtUized fresh 01 dried for human consumption, the fins may be 
used for soup, and the oU-rich liver for taruiing leather and as a 
base for painb and cosmetics. 

There has never been any direaed fishery for white shark 
off Calffomia However, ihey are often taken uiddentaUy in 
commerdal catches and foy ̂ r t fishermen and when caught, 
diey foring a fairly high price, mainly due to their reputation as 
a man-eater. The jaws ofa white shark can foe sold for up to 
$5,000 a set It has been estimaied by one researcher that between 
10 and 20 white shades are caught per year atong the Calffonua 
coast Unfortunately, more accurate data are unavailable. 

Salmon sharks are not veiy abundant off CaUfomia, but are 
an occasional incidental catch m odier fisheries, and are readily 
sold when caught The flesh is good and the fins are sought for 
shark fin soup. Salmon shaiks are often considered an annoy
ance foy fishennen foecause they destroy fbhing gear used ui more 
commerdaUy unportant fisheries such as diose for salmon 

Status of Biotogical Knowledge 
A cold to warm temperate species, die tasking shaik's 

range in the eastem Pacific Ocean is from southeast Alaska to 
ChUe, from the suriline and into enclosed bays, to well offshore. 
These sharks are sometimes common ui coastal waters, usually 
when the water temperature b foelow 57° F 

Basking sharks are presumed to be ovoviviparous, but 
whether they have intrauterine cannibalism like other lamnoids 
b uncertain. Gravid females have never foeen obsened in dus 
species. Males mamre at afoout 13 to 16 feet and females at 
^xiut 26 to 29 feet The smallest recoided free-living foasking 
shark measured 5.6 feet but size at foirth is unknown. Maturity 
has been estimated at six to seven years, allhough the aging 
technique has never lieen verffied for this spedes and may 
underestimate the age foy one-haff. 

The basking shark b one of three gigantic filter-feecUng 
species of shark and feecb aUnost exclusiv ely on small plank
tonic oiganbms that it traps in its gUl taken. The prey items 
uiclude smaU copepocb, bamacles, crustaceans, and fish eggs 
and lanae. Approximately one-haff ton of food material may foe 
present in the stomach of an individual shark. It has lieen 
estimated that an adult tasking shade cmising at a constant 
speed of two knots passes approximately 2,000 tons of water 
over its giUs per hour. 

Basking shaiks are highly migratoty, appearing and dien 
disappearing seasonaUy at specific localities. These sharks are 
espedally abundant foetween Oaober and April offthe Califor
nia coast fout move northward to Washington and British 
Columbfe during late spring and summer Basking sharks are 
veiy social animals and are often olisened in small groups of 
three to 10, fout at times up to 5(X) or more individuals. 

The white shark has a worid-wide dbtnbuuon from cold 
temperate to ttropical waters, though it is most common in 
temperate to warm temperate waten between 54* and 68* F In die 
eastern North Pacific the white shade occun from ihc (Duff of 
Alaska to the Guff of CaUfomia It is fairiy common c^ central 
Cal ffomia and around the ofishore islands of southem {.̂ j\ \ fomia. 
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The white shark occurs along the nearshore waters ofthe 
Calffomia coast including bays and estuaries, but sometimes 
may be oceanic since individuals are common around the 

I offshore islancb. There seems to be some spatial segregation by 
size, as young white sharks under eight feet and older ones over 
16 feet are common offsouthem Calffomia while intermediate 
sized animals are more common in northem Calffomia waters. 

White sharks are thought to be ovoviviparous with intta
uterine cannibaUsm. Litten of three, seven, and nine have foeen 
reported, but odier detaUs such as the mother's or embiyos' size 
are not known. Male white sharks mature at about 12.8 fert and 
grow to at least 18 fert. Feinale maturity is less ceitain since no 
pregnant females have foeen capmred and accurately measured 
fout it appean that 15 to 16 fert is a close approximation The 
size at birth is probably between three and four feet The 
Channel Islancb off southem Calffonua seem to be an area 
where large females and smaU white shaiks are occasionaUy 
captured leading to speculation tiiat females may give buth there. 

The largest relfebly measured white shark from CaUfomia 
waten measured about 20 feet; however, there is an uncon
firmed record of one uidividual that measured 29.5 feet The 
growth rate of white sharks has been estimated to tie around a foot 
per year, and thev'may Uve to a maximum age of 30 yean or more. 

The white shark is perhaps tiie most formidable of large 
marine precfetors. It has a foroad speamm of prey species that 
indudes bony fishes, other sharks, rays, and marine mammals. 
Sharks over 10 feet long tend to feed on marine mammals whi le 
those less than six feet feed more on txiny and cartilagiiKxis fishes. 
White sharics tend to congregate around seal rookeries, espedaUy 
when these mammals are breeding. Sutadult and young non-
breeding adult seals appear to be more susceptible to predation 

The salmon shark range in the eastem Pacific Ocean b 
from the Bering Sea to southem Calffomia and possibly to Baja 
Califomia It b a coastal and oceanic shark of subarctic and 
lempeiate waters, most often found m temperatures of less than 
64° F and depths less than 500 feet The salmon shark b 
coimnon in continental offshore waten to close inshore, fout also 
ranges far from land in deep oceanic waten. 

Salmon sharks are ovoviviparous wilh uterine cannifoal-
ism. They mature at about six feet for males and at afoout eight 
feet for females. Salmon sharks give foirth to foetween two and 
four young per litter Estimated age at mamrity b five yean for 
males and nine or 10 yean for females and maximum age b 
probably behveen 20 and 30 yearSu 

The salmon shark feeds mosUy on foony fbhes. They may 
follow their mam prey, salmon, as they migrate around the 
North Padfie Ocean foasin 

Status of Populations 
The tasking shark has not been commerdaUy fished for 

over 20 yean and no recent stock assessment has been made. 
The population stattis of white sharks along the Calffomfe 

coast is not known 
The salmon shark is an uncommon species in Calffomfe 

waten and ib abuncfence is not known. 

David A. Efoert 
Ocean Resource Consulting Assodates 
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SKATES AND RAYS 

History of the Fishery 

Skates and rays are not specificaUy sought by commerdal 
fishermen, but are taken incidentally, primarily by txittom 
ttawlen offshore m centt^ and northem Calffomia waten. A 
few nearshore spedes, most commonly the lat ray (Myliobatis 
califomica) and shovelnose guitar fish (Rhinobatosproductus) 
are tiie targrt of smaU sport fisheries. 

Only the wings of skates caught in the commercial fishery 
are marketed The bocUes are either discarded at sea when the 
skates are landed or occasionaUy sold as bait for the rock crab 
fishery. Skate wings are sold fresh and frozen, predominantly 
in the oriental fiesh fish markeb in southem Calffomia Wmgs 
are also dried or salted and dehydrated for die oriental trade 
The economic value ofthe skate fbhery refetive to Calffonua's 
total fishery is extremely small. From 1958 to 1969 the ex-
vessel price for skate wings ranged from $.01 to $.02 per pound 
The ex-vessel price maeased from $. 12 per pound ui the 1970 's 
to $.25 per pound Ul 1991. 
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Commercial landings of skate 1970-91. 
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Historically, skates have been processed for fish meal, but 
most such enterprises experienced economic failure: Seafocxi 
restaurants and retaU markets have been suspected at times of 
punching out rounds of skate wing to sene as cheap subslimtes 
for scallops. 

Central Calffomia (Monterey and San Francisco) had the 
majority ofthe skate catch from 1948 through 1989, accounting 
for 41 to 100 percent of the total lancUngs. The northem 
CaUfomia areas (Eureka, Crescent City. Fort Bragg) have 
played an increasing role since about 1975. Areas south of 
Monterey are refetiveiy insignificant in terms of total landings. 
From 1916 to 1990 skate landings, which rangedfrom 36,247 
pounds (1916) to 631,240 pounds (1981), comprised two to 90 
percent ofthe total elasmobranch catch (11.8 percent average). 
Like the shark fisheiy, which had peaks from 1937 to 1948, and 
more recentiy from 1976 to 1990, die skate catch has flucttiated 
widely during the last haff centuiy. 

Status of Biological Knowledge 

Skates and rays (haloids) can be cUstinguished from the 
sharks foy having pectoral fins which extend above and in front 
ofthe gills, attaching to the head and forming an expanded and 
flattened cUsk with its giU slits located completely on the 
underside. They can be thought of as shaiks ffettened to accom-
mocfete a lffe spent on the sea floor Twenty spedes of rav s and 
skates have provisionally foeen recorded from Calffomia waters. 

Rays and skates occur ui all marine habitats, from pro
teaed bays and estuaries to open seas, ranging from the surface 
to 9,528 feet deep. While some species are common, othen are 
known from only a few specunens. So far as b known, batoi(b 
follow the typical elasmobranch reproductive strategy in which 
sexual mamrity is attained relatively late in Ufe, brood size is 
relatively small, and feomdity is generally low. These characteris
tics make popufetions ofthese spedes susceptible to overfishing. 

All foatoids have uitemal fertiUzation, fout have two differ
ent m(xies of development. The skates are oviparous. Following 
fertUization, dieyoUc is enclosed ina tough, permeafoleeggcase, 
which is deposited on the sea flcxir The emfoiyo develops within 
the eggcase, feecUng on nourishment stored in the form of an 
attached yolk mass. After hatching, eggcases (known as 
"mermaid's purses") are frequently washed ashore to be found 
foy beachcomfoen. All other laioids are Uve bearing, or vivipa
rous. The embryo b protected liy. and develops withiii, a portion 
of the female's oviduct which fimctions as a uterus. The 
gesfetion period for skates and rays varies widely; depencUng on 
the species it may range from two to 18 months. 

Batoids feed on a variety of worms, mollusks, crustaceans, 
other inverteforates, and fishes. Some lie fouried on the foottom to 
wait for prey, while others actively forage. As a group they have 
a wide variety of feeding strategies, ranging from straining 
plankton (manta), to electric shode (electric ray), to excavation 
and suaion (tat ray). In mm, batoids are preyed upon foy man ne 
mammab, shaiks and other large fishes. Their predator av oidance 
adaptations indude ciyptic (camouflage) coloratton and burvmg 
themsdves in sand or mud In soriie spedes, rows of sharp spines 
on the lack aixl/or tad also serve as protection. Only a few of the 
foaioid spedes are dangeious to humans: electric rays are capable 

of produdng a powerfid shock, and stingrays can inflict 
serious wouncb on unwary waders and fishermen. 

Big skate. Raja binoculata. 

THE SKATES 

The skates are die largest group of batoid fishes. Nine 
species in two genera are presently known to occur in CaUforma 
waten. Calffomia's three commercially important skates are 
the California skate (Raja inornata), big skate (Raja 
binoculata) and longnose skate (Raja rhina). 

The skates have a greatiy flattened usually rhomlioicfe] 
shaped disk. Most species have enlarged thorns or sharp spines 
(denticles) on disk and taU. Adult males have rows of enlarged 
hcxiked thoms along the front edge (malar thorns) and lateial 
edge (alar thoms) ofthe disk. The tail b slender, with two smaU 
donal fins located near the tip. The caudal fm b smaU or absent 
and there are no stinging spuies. Skates have paired electric 
organs along the sides of their taib which generate weak, low-
voltage electric currenb beUeved to tie used ui intra-specffic 
communication, possibly for mate recognition oi to demon
strate aggression 

The CaUfoniia skate ranges from the Strait of Juan De Fuca 
to off central Baja Calffomfe. It b common inshore in shallow 
foays at depths of 60 feet or less, Ixit also occun in deeper water 
to a depth of 2,200 feet Females and males footii reach sexual 
mamrity at a total length of about 30 inches. They feed on 
shrimp and other invertebrates. 

The foig skate ranges from the Bering Sea to off central Baja 
CaUfomia but is rare south of point Conception. It occurs at 
depths from 10 to afoout 2,600 feet, foeing most common at 
mcxlerate depths. It b the only known Califomfe skate witii 
more than one embiyo per egg case. The big skate grows to a 
Ic ngth of up to eight feet, but usually does not exceed stx fert and 
about 200 pouncb. Females mamre at 12 to 13 yean and a length 
of 51 to 55 inches; males mamre at seven to eight years and a 
length of 39 to 43 inches. It feeds on cmstaceans and fishes. 
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The longnose skate ranges from the Bering Sea to off 
central Baja CaUfomia, and b usuaUy found on the foottom at 
depths from 80 to 2,250 fert. It attains a maximum length of 
afoout 4.5 feet Females mattue at eight yean and a length of 28 
inches; males mature at five yean and a length of 24 inches. 

THE GUITARFISHES 

The guitarfbhes derive their name from thdr simUarity to 
the musical instrument; head fepered or round flattened and 
somewhat broader dian dieir sturdy, shark-Uke tail. They are 
usuaUy found on the bottom and close inshore. All are vivipa
rous, the embiyos foeing nourished by nutrienb stored m their 
yoUcsac. Guitarfishes have small blunt teeth used for crushing, 
and feed on invertebrates such as worms, crustaceans, and 
moUusks, as weU as smaU fishes, and are generaUy harmless to 
maa Three species are known from Calffomia waten. The 
shovelnose guitarfish has a sharply pointed snout and a tapered 
somewhat shovel-shaped disk. It ranges from San Frandsco to 
die Guff of Calffomia, fout is rare north of Monterey Bay It b 
found in shallow coastal waters, lays, sloughs and estuaries 
over sandy or muddy bottoms to a depth ofabout 50 fert. Mating 
occun during the summer months and the females give birth to 
Uve young the foUowing spring or summer. Newfoom are sbc 
uiches long, with up to 28 per Utter Females reach a length of 
5.5 fert and a weight ofabout 40 pounds; males are smaller. 

THE ELECTRIC RAYS 

Electric rays are fotmd worldwide in aU tropical and warm-
temperate seas. They have a greatly expanded suli-drcular disk 
which b fleshy toward the margins, and speciaUzed to accom-
mcxfete the two kidney-shaped electric organs. These are modi
fied muscles capable of prochidng a powerfiil electrical shock. 
Only one species b known from Calffomfe waters. 

Round stingray, Urolophus halleri. 

The Pacific electric ray (Torpedo califomica) ranges from 
northem Britbh Columbia to central Baja California, at depths 
from 10 to 1,400 fert. Commonly found over sandy bottoms, it 
also occun in rocky areas and kelp foecb. Females reach a length 
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of over 4.5 feet while males may reach three fert. It feeds 
exclusively on fish, including anchovies^ herring, kelp bass, 
mackerel and haUfout. One four foot female ray was obsened to 
consume a two-foot sUver salmon UnlUce most predatory fbh, 
however, it does not initially seize its prey witii ib mouth, but 
first unmobUizes it with electric discharges. It then manipulates 
the piey toward ib mouth, using ib remaikafoly dexterous dbk, 
before swallowing i t 

Sometimes aggressive when approached or provoked foy 
diven, it may swim toward them with pectoral fins curied 
downward in a chaUengjng manner. While ib electric shock 
may be quite powerfiil, reaching up to 60 volb m larger 
individuals, it does not extend a great distance from the ray's 
foody. Its shock af^arently b not fatal to humans, but often snaps 
the tadebone of prey fbh. 

THE MYLIOBATIDIFORM RAYS 

The myUobatidfform rays are a large and rather diverse 
group, most of which have a greatly ffettened disk and whipUke 
taU with one or more serrated stinging spuies that are readily 
replaced when they become old or wom. Thb group uicludes 
botii die smallest and largest baioids. Most are foottom-dweUers, 
occurring in shallow inshore waten, bays, estuaries and 
sloughs, but some are also found in deeper waten. At least one 
species of stingray and all mantas and mofoulas are epipefegic. 

They tiear live young and are unique among the elasmo
branchs in their method of nourishing the developmg embryo 
on a nutritive fluid called uterine miUe, secreted from hairUke 
processes called trophonemata which Ime the ovichirt wall. 
They feed on soft tienthic inverteforates, mollusks, crustaceans, 
and benthic, midwater and schcxiUng nektonic fbhes. 

Rays are usuaUy popular when displayed in pufoUc aquaria; 
eagle rays and foat rays are especiaUy suited for shaUow petting 
tanks. Used by culmres throughout the world for food 
myUobatidffoim rays are ofUnle interest to Calffomfe commer
dal fbhermen, who mostly consider them to be a nuisance 
Because most spedes have a stinging spine, care should be 
taken when handluig them, espedally die stingrays. Seven spedes 
of myUobatidffoim rays are known from Calffomfe waten. 

The round stingray (Urolophus halleri), our most common 
stingray, has a nearly round (Usk and short, stout taU with well-
developed caudal fin and stinging spine. It ranges from north
em Calffomia to Panama, tiut is most atiundant south of Point 
Conception A foenthic spedes with restiicted habitat reqmre-
ments, thb ray is limited to a relatively shaUow coastal zone at 
depths from three to 100 feet, occumng primarily m water less 
than 50 fert deep. It can tie found off foeaches and m proteaed 
tays, sloughs, channels and inlets, where it recjuires foonoms of 
loose sand or mud 

The round stingray's stinging spine is located fer enough 
back on its tail to afford a powerfid stinging reflex. When large 
numben of round stingrays congregate off beaches, uijuries to 
foaihers can result This danger can usually be avoided how
ever by shufil ing one's fert or pushing a stick along the bottom. 
Injuries from the spine may also result when rays are removed 
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from nets or hooks. WhUe the wounds do not appear to foe fetal, 
they can tie severely painftU, and can cause vomiting, dianhea 
sweating, cramps and difficidt breathing 

The bat ray is a common seasonal inhabitant of shadow 
inshore waters from Oregon to the Gulf of CaUfomia It occun 
m muddy or sandy bays and sloughs as weU as r(x:ky areas and 
Ul kelp beds from near the surface to depths of 150 feet 

(jesfetion is estimated to take from nine to 12 months, with 
two to 12 yoimg per litter. Size range atbiithb8.7tol3.8inches 
disk widdi (wing tip to wing tip). Onsrt of sexual maturity in 
males occun at an age of two to diree yean and a disk width of 
17.7 to 24.5 inches; maturity in females occun at five to seven 
yean and disk width of 35 to 40 inches. 

Female foat rays reach a greater size than males, attaining 
a maximum dbk width of 70.9 inches and weight of 210 
pounds. The largest reported male is 40 inches wide at a weight 
of 37 pouncb. Bat rays grow slowly, reach sexual maturity 
refetiveiy fete, have few young, and seem to lie fairiy long Uved 
A 59.8 inch disk width female was estimated to foe 24 yean old 

Bat ray feeding on oyster foecb is a major reason for the 
fencing seen around commerdal tieds. Centra, tooth plates and 
sting firagmenb have tieen identified from coastal shelUnounds, 
suggesting that foat rays were a regular cUet item of early 
Calffomfe Indians. 

Status of Populations 

Skate popiUations in Calffomfe do not appear to be ad
versely affected by the current level of fishing. Taken uidden
taUy in several commercial fisheries, they remain an undemti-
Uzed resource. Nonetheless, lesearch should accompany any 
sigruficant expansion ofthe fbhery. Skates and rays, Uke other 
elasmobrarKhs, have refetiveiy slow growth rates, late age at 
maturity, and hear refetiveiy few young compared to the foony 
fishes. Skate popiUations are susceptible to cverfbhing, as 
uicUcated by die deCTease in annual tatoid landings over the last 
five yean in tlie Japanese fishery. 

Li tUe is known about the impad of sport fisheries on skates 
and rays. Data from 48 shark derbies in EUchom Slough, from 
1950 to 1990 show, however, that shovelnose guitarfish, which 
Ul the 1950'saiid 1960'swere die second and in some yean the 
most abundantly caught elasmobranch, have virtuaUy disap
peared from the catch. In the 1990's there has been a two diirds 
deCTease ui the catch per unit effon for bat rays compared to the 
1950's catch rates. Reasons for the catch decline and change Ul 
species composition indude numerous possibilities, only one of 
which is overfishing 

George D. Zorzi 
Calffomfe Academy of Sciences 

Linda K. Martin 
Monterey Bay Aquarium 
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SHARKS, SKATES AND RAYS: DISCUSSION 

Over the past two decades a ttemendous amount of fishing 
pressure has focused on elasmobranchs. Reported catches 
worid-wide exceed 600,000 tons armually. Just 15 yean ago 
sharks, skates and rays were considered one of Calffonua's 
most undemtiUzed resources. But commerdal and reCTeational 
fisheries targeting Calffomfe's elasmobranch resources have 
experienced dramatic growth during thb short period and the 
growth has made a sigmficant impad on portions of diat resource. 

The value of these fbheries grew in response to pufolic 
acceptance of shaik as a wholesome and enjoyable altemative to 
traditional meat produds. Led by landings of the common 
thresher shark in the eariy 1980's, Calffomfe's elasmobranch 
fisheries peaked in 1981 and 1982 at over four miUion pounds. 
Landuigs continued high mto die fete-1980's, led foy the Pacific 
angel and shortfin mako shark fbheries. The value of shark 
meat (ex-vessel price) averaged a doUar, or more, per pound for 
most spedes throughout thb period. Common uses of shade 
products other than for human consumption include fins, skin, 
teeth, s(]ualene, liver oU and mecUcal products. The fins, while 
taken extensively on the east coast for oriental markets, have not 
developed mto a sizeable markrt in Calffomia 

The importance of shark fishing to recreational anglen has 
also grown rapidly m recent yean. Shark fishing trips for 
shorffm mako and folue sharks on charter vessels are avaUable 
nightiy throughout southem CaUfomia Shark derbies have 
become iuCTeasingty popular and angler effort direaed at 
sharks and skates b estimated at a haff a mUUon trips annuaUy 

Sharks, skates and rays have existed and adapted to theu 
environment for over 400 miUion yean. Generally, the pelagic 
species evolved into apex predaton while inshore and bottom-
dwelUng species eidier approximated apex status or, Uke the 
pefegic spedes, had few natiual precfeton. Elasmobranch 
reproductive strategy b simplebut efiident They produce a few 
weU developed sttong mdividuab whose sunival b assured 
foecause of their advanced development. All elasmoforanchs 
have a slow growth rate, mature relatively late (30-50% of their 
Ufe span), have a long gestation period or fey large, slowly 
maturing egg cases. Brood sizes are generaUy small. Annual 
prcxluction averages two to eight for ovoviviparous spedes, 20 
to 40 for viviparous and perhaps a hundred or more egg cases ui 
the oviparous species. 

WhUe thb reprcxluctive strategy has sened them well ui 
the past, it makes them quite vulnerable to modem day com
mercial and recreational fbhing pressure. Clearly ui a popula
tion where each mature feinale produces only a smaU numfoer of 
young in each breecUng cycle, recruitment is highly dependent 
on the number of mature females in that popufetion. As Holden 
pointed out in die mid-1970's, success ui establishing a sus
tained fisheiy on such a resource is dependent on mai ntai ni ng a 
large population of mamre individuals. Thb has not been the 
case in most fisheries targeting CaUfomia's shaiks. While 
rnany of diese pelagic species may be found Pacffic- or even 
world-wide, local stocks have experienced a high degree of 
exploitation The Soudiem Calffomfe Bight (SCB) is, at least m 
part, a nurseiy area for several species inclucUng the common 
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tiiresher, shortfin mako and blue sharks. Nearly all sharks taken 
within this area are immature Removing a large segment of 
juveniles from the population may create a reduced adult 
popufetion in later years when those exploited juvenUes would 
have become adults and begun reprcxlucuig themselves. The 
abUity of local stocks to lecover from over-exploifetion depends 
not only on leducuig fishing effort, fout also on the size of the 
virgin stock, nattuai mortaUty, and migration rates. Also im
portant to certain skates, rays and shallow water sharks b 
preserving foreecUng hafoitat and water quality. 

We have leamed much afoout foiology and stoc^ stmcture of 
many of Calffomia's elasmobranch species but there are stUl no 
stock size estimates avaUafole. Spedes distributions are poorly 
undentobd or known only from fisheiy dependent cfefe. Many 
species have contiguous distributions into Mexican and adja
cent state waten where they are also subjert to fisheries. We 
have seen much variabiUty in the apparent abundance of 
shortfm mako, folue, pelagic and bigeye threshen; stUl othen 
Uke the Pacific angel and common thresher show a steady 
decline ui apparent afoundance. There b no direct evidence that 
skates and rays have experienced afouncfence declines, fout ff a 
major fisheiy were to develop ora loss of nursery habitat were to 
occur through coastal development, pollution, or increased 
reaeational use, they, too, might suffer 

Specific Management Recommendations 

Management of Calffomia's elasmobranch resouices 
should lie a high priority task foi fisheiy managen in the 1990 's. 
This stewardship will not be an easy task. Regufetions enaaed 
by spedal interest groups to tienefit only one segment of the 
resource, combined with the feck offoiological information, can 
only stow progress toward achieving rational management for 
sustained hanests. Coast-wide and stock-wide dafe gathering 
agreements are necessary for stock assessments. Only through 
dedsive action foy fishery managen and through pubUc educa
tion can these resources foe maintained at healthy leveb. 

Specffic recommencfetions include: 
1) Develop a coast-wide fishery management regime that 

recognizes and address the low reproductive capacity of 
Calffomia's elasmobranchs. A major objective b to develop a 
coast-wide management plan to prevent over-fishing and wastage, 
w hUe maintaining healthy stocks. Thb b espedally important for 
the common duesher, shortfin nako, folue, leopard and Pacific 
angel shaiks. A' consenative approach b recommended where 
actual spedes-spedfic fisheiy and btological dafe are laddng 

2) Continue to monitor current fisheries through skipper 
logs, fencUng receipts and port samplen with increased empha
sis on coverage rates and cfeta quaUty. On-tioard ofoserven 
should foe employed when appropriate. 

3) Initiate a spedal monitoring or reporting system for 
shark derbies and on commerdal passenger vessel uips target-
mg mako and blue shaiks. 

4) Begin efforb imrnedfetely to conduct a cooperative 
Califomia-Mexico assessment of transboundaiy shade popula
tions, including the colleaion of data from Mexico's Pacffic 
shark fisheries. 

5) Develop educational programs to elevate the public's 
perception of shaiks and to promote a conservation attimde 
towards them 

6) Expand existing CDFG tagging programs to provide 
critically feckmg lffe histoiy information Thb should include 
taking advantage of tagging opportunities provided by shark 
derbies, and aboard party fooats, private anglen and conunerdal 
shark vessels. 

David B. Holb 
National Marine Fisheries Service 

ANADROMOUS FISHES 

SALMON 

History of the Fishery 

Two species of salmon are regularly taken in the Calffonua 
ocean sport and commerdal salmon fbheries. Chinook salmon 
(Oncorhynchus tshawytscha) make up the Imlk ofthe catch and 
cohosalmon(0. Jt/^u/c/i) most ofthe remamder Small numben 
of pink salmon (O. gorbuscha) are taken, mosdy in odd-
numbered yean. Chum salmon (O. keta) and sockeye salmon 
(O. nerka) are rarely seen ui Calffomia 

Salmon have supported a variety of important CaUfonua 
fisheries, some of which were significant before European 
setUen made their first appearance ui the state. The Native 
American popufetion of the lower Klamath River has been 
estimated at 5,000 at that time, and salmon was their most 
important food The fish were harvested foy a variety of methods 
and were dried for use throughout the year. Salmon were of such 
signfficance to these eariy fishen that ceremonies honoring 
their existence and importance were CTeated 

By 1850, commerdal salmon fisheries existed in the lower 
Sacramento and San Joaquin rivers, in Suisun Bay, and ui San 
Pafolo Bay. GiU neb were the most effective river gear and the 
type that remained legal longest Ttie inland commercial salmon 
fbheiy gradually spread to include other riven north of San 
Franchsco, fout the SacramentoSan Joaquin fisheiy remained the 
largest and lasted longest The Mad River fishery was dosed by 
legislation in 1919, die Ed m 1922, die Smidi and Klamadi in 
1933. The legal fishing area in die Sacramento-San Joaqum 
system was reduced and finally that fisheiy was dosed ui 1957. 

Early development ofthe salmon fbheiy was stimufeted by 
die canning industiy. The first salmon canneiy on the Pacffic 
coast started operations on die Sacramento River in 1864. By 
1876. diere were two canneries in operation in the area, and in 
another five yean there were 20. The industry coUapsed afta 
rwopcakyeanin 1881 and 1882, and foy 1885 diere were only 
SIX canneries operating on the Sacramento-San Joaquin river 
svacm The industty gradually feded away, ttie last canneiy 
Joscdm 1919. 
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The ocean troU fishery started in the 1880's in Monterey 
Bay, and the first troUere used small sailfooats. About 1908, 
some Sacramento River fishermen foegan taking theu powered 
giU net bioats to Monterey Bay to troU for salmon. These boats 
were a great improvement over sailboats, fout were small by 
present standards. TroUing had spread north to Point Reyes by 
1914 and. in another twro yean, Ixats were operating off Eureka 
and Crescent City. 

A typical troUer ofthe 1920's or 1930's fished up to nine 
Unes which might each cany five or more hooks and up to 30 
pounds of lead to keep them at the proper depth. PulUng 
weights, fish, and Unes onto a moving fooat by hand was a foack-
breaking job. Around that time, power gurdies were devised to 
puU the lines, and by the fete I940's, most ofthe professional 
ttollen were using them. 

Additions to the salmon troU flert during the 1960's and 
I970's included many summer fishen who had other jobs 
during the remainder of the year. Some of them were serious 
atiout conmiercial fishing and had adequate ocean-going Ixiats, 
but many were using sport-type boab that could convenientiy be 
towed on a frailer 

Califomia commercial landings of salmon, 1916-1969: 

I 
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Calffomia commercial landings of salmon, 1970-1991. 

The modem, fiUl-ttme saUnon ttoller stiU uses the basic 
fishing techniques developed in the 1920's and 1930's, includ
ing powered gurcUes and four to six main trolling lines Now. 
however, the vessels are equipped with a myriad of electtonic 

devices that gready aid in fmding and staying on the fish. Radio 
communications are possible among several vessels 
simultaneously, and distance between vessels for effective com
munications is virtuaUy unlimited. Highly sensitive sonar 
equipment aids die tt-oUer in fmding the salmon or bait-fish 
schools and in pinpomting die depth at which to position lures. 
Precise vessel positioning is made possible through the use of 
digitized loran and sateUite signal receiven. It b no profolem 
tocfey to replicate a troU path or "tack" within a few feet of a 
previous or suggested path. Colleaively, the instruments have 
probafoly more than doubled the effidency ofdie modem troUer 
compared to those of 60 yean ago. 

From ib start through the early 1970's, the ocean troU 
fishery was regulated foy seasons and minimum size limits, hi 
the 1970's, ocean fisheries management was extended from 
three to 200 miles offthe United States and was conveyed to the 
U.S. Secretaiy of Commerce. Thereafter, the CaUfomia salmon 
fisheries were inaeasingly regulated under quotas. Barbless 
hooks were retjuired in ocean salmon fisheries north of Point 
Conception, to reduce hooking mortality of sublegal or out-of-
season salmon. The 1970's also marked the resumption, by 
court order, of commeidai salmon fishing in the Klamath River 
by Native American fishen, who use gUl nets. (Juotas were used 
by the Department of Interior to regulate the catch. 

Typical commercial salmon ttoller. 

In 1980, a moratorium was pfeced on the issuance of 
permits to new participants in the ocean commercfel salmon 
fishery. Thb was (tone to increase profib of individual fishen 
and to reduce overaU fishery impacts on the resource. In 1983, 
a limited-entry program, which capped the fishery at about 
4,600 commercial salmonvessels, was implemented. By 1991, 
the fleet had decUned 30 percent to afoout 3,200 vessels. 

Salmon catch statistics, ofa sort are availafole in some 
yean starting as early as 1874. Over the yean, there have been 
wide fluctuations in the commerdal catch. Changes in weatiier 
and ocean concUtions have contributed. However, dams, w ater 
diveniott and hafoitat degradation are primarily responsible for 
die recent downward ttend 

Ocean sportfishing for salmon has been important only 
since Worid War II, The sport fisherv' has taken about 14 percent 
ofthe salmon landed since 1950, Commercial passenger fish-
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mg vessels (CPFV's) have taken about 65 percent oflhis catch. 
Most of the salmon CPFV's operate out of San Francisco Bay 
ports; nevertheless, vessels operating m the Monterey and more 

' southem areas catch significant numben of salmon in some 
years. Numerous private fooats fish for salmon out of many ports 
from Monterey northward but refetiveiy few smaU private 
fooats fish out of San Francisco Bay, tiecause of the long trip, 
strong tides, and rough water encountered gomg through the 
Golden Gate. The total marine sport effort on salmon has been 
afoout 200,000 angler-cfeys per'year throughout die 1980's. 

J rf T, T. ^ 

Calffomia commercial passenger-carrying fishing vessel (CPFV) 
landings of salmon, 1947-1969. 

Califomia commercial passenger-canying fishing vessel (CPFV) 
landings of salmon, 1970-1990. 

Mooching, or drifting, for salmon using a baited tiook 
lowered to the depth of feedmg fish foegan increasing m 
popularity in the late 1980's. Previously, troUuig a foaited hook 
or lure behind the beat was foy far the most common method 
used by sport salmon anglen. Many anglen prefer mooching to 
ttolUng as lighter gear can foe used and at times it appean tobe 
more effective. Mooching has foeen successfid commercfeUy, 
particularly in the San Frandsco and Bcxiega Bay areas. The 
technique is generaUy used when salmon are feeding on forage fbh 
such as anchovies or herring ui neanhore, fairiy shaUow areas. 

Many salmon anglen are attraaed to streams from Sanfe 
Cruz County north. Historically almost haff of the effort was in 
the Sacramento-San Joaquin River System Most of tiib activity 

cx:cun from the city of Sacramento upstream The main stem of 
the Saaamento River is the most unportant valley stteam, 
followed by the Feather and American riven. Of tiie coastal 
streams, the Klamath System receives foy far the most effort, 
foUowed by the Smith and Eel. Much ofdie fishing m coastal 
river systems occun in estuaries. The Klamath and Smith river 
mouths draw large numtien of anglers from great distances and 
concentrate them in a small area. The term "madhouse" b 
appropriate during the peak of a good run. Ctiinook salmon 
make up the fouUc ofthe catch m foodi of diese rivers, and ui die 
Eel. Many smaUer coastal riven have mns of coho salmon that 
enter during brief periods after the first heavy faU rains and 
move upstteam into areas where they are unavailable to anglen. 

Statijs of Biotogtoal Knowledge 
All Pacific salmon are anadromous, and aU die after 

spawning. Both chinook and coho salmon have simifer spawn
ing requiremenb and sinular spawning habib. Successful 
spawning recjuires water temperatures less than 56°F, clear 
water, suitable gravel riffles, and a stream velocity suffident to 
permit excavation of nesb, or redds, and to cover up the 
deposited fertUized eggs. The female digs the nest feys the 
eggs, and covers them afterthey are fertiUzed foy the male After 
a period of time, depending primarily on water temperamre 
(usually 50 to 60 days in Calffomfe), the juveniles hatch and 
wriggle up out ofthe gravel. Tlie length of siream residency by 
juveniles varies according to spedes and race. 

ChiiKXik salmon, Oncorhynchus tshawytscha. 

CHINOOK SALMON 

Chuiook salmon spawn in suitafole riven from die Sacra
mento-San Joaquin system northward. Chinooks are the largest 
of the salmon spedes. The State record for a spon-caught 
Chinook in fresh water is 88 pouncb. The largest chinook on 
record is a 127-pouiicler taken from a trap in Alaska Calffomfe 
chinook mature at two to five yean of age, vaiying somewhat 
foetween riven and races or mns of chincxik within individual 
riven. Ocean fisheries can have a signfficant impaa on the 
av erage age of spawning chinook. This b because ocean fishi ng 
gear selects for larger, older fish and foecause minimum size 
limits allow for the harvest of chinook in the sport fishery 
starting at age 2 (20-inch minimum) and in the commerdal 
fishery al age 3 (26-inch minimum). Ocean hanest rate and 
average age of spawner are inversely refeted. It has not been 
documented that the selectivity ofthe ocean fisheries for older 
mam nng fish has adversely affeaed the genetics ofdie popula
tions, but ll has profoably reduced the utilization of spawmng 
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hafoitats dial are best suited for larger, older fish. Larger fish, for 
example, are probably better able to utiUze the larger gravel 
found in the main stems erf most river systems. High rates of ocean 
han est ui recent decades tiave led to the virtual disappearance of 
five-v ear-olds m chinook salmon runs throughout the State. 

The small percentage of chinook that mamre atage two are 
predommately males and are commonly refened to as "grilse," 
or "jacks." The older age classes of chinook are composed of 
aliout equal proportions of males and females. 

PopulatioQS a t chinook salmon in some riven include 
more t l ^ one t^dtTri^^^iQ^sgfiwfuog.al i^^SemiX time 
and often iir % ijUTt ̂ |j|fegpgEAifie«t ace f5ar distinct hms in 
CaUfornia, tgMi^Jl iW3teSi i i^yiL.yl i i^ firesh water fall 
fete-fall winter, and spring The SaCTamento River system b 
used by all four mns, while smaller coastal riven have only faU 
mns. On the coast, the Klamath, Eel, Mad and Smith riven 
have fall and late faU runs. Spring chinook are present in several 
streams within the Klamadi River basin and occasionally 
appear in the Eel and Smith rivers. Spring chinook formed the 
major mn in the San Joaquin River tiefore completion of Friant 
Dam in 1942 and subsequent eUmination ofthe mn. Comple
tion of Shasta Dam in 1945 eliminated the large mns of spring 
chinook in the upper Sacramento drainage. Spring chinook 
werc believed to tie comparable in abundance to fall chinook in 
the Klamath River before completion of tarrier dams in upper 
river areas in die late 1800's. In a river where aU four runs of 
chinook spawn, adults migrate upstream and juveniles migrate 
downstream during all months of the year. In general, the 
timing of chinook spawning varies somewhat from rivei to 
river, and even wilhm river systems, often foeuig mfluenced by 
stream flow and water temperamre. 

Fall run. FaU-run chinook salmon are the most numerous 
salmon in Calffomfe to(fey. They arrive in spawning areas 
between Septemfoer and Decemtier, depending upon the river 
system, but peak arrival time is usually during Ortober and 
Nov ember Under current ocean harvest rates, the faU chinook 
mns are donu nated liy three-year-old fish foUowed tiy jacks and 
four-year-olds. Five-year-old fish are rare. Spawning occurs in 
the main stem of riven, as well as in tributaries, from early 
Octofoer through December In general, there is a large 
outinigration of fiy and fingeriings from the spawning areas 
between January and March. An adtUtional outmigration from 
the spawning areas, consisting primarily of smolb, occun from 
April durough June The juveniles enter salt water as smolb 
between April and July. 

Late fall run. In Calffomia, fete feU-iun salmon are found 
primarily in the Sacramento River system, but have been 
reported from the Eel and Klamath riven as well. They arrive in 
upper river spawning areas between Oaober and mid-April. 
The runs of late-£aU chuiook tend to consist of ecpial numben of 
three- and four-year-old fish. Spawning occun from January 
through mid-April, primarily in the main stem of the Saaa
mento River Some of the juveniles start migrating seaward as 
fry during May, but die tiuUc of the juveniles leave the upper 
river between Oaober and Fdiniary. Late fall smolb enter the 
ocean between November and April. 

lUnter run. Winter-ran salmon are unique to the Sacra
mento River system. Adulb arrive in die upper Saaamento 

River spawning area from nud-Decemfoer through early Au
gust, widi a peak in March. Spawning occun primarily in the 
main stem ofthe upper Sacramento River below Shasta Dam 
between fete-April and mid-August May and June are peak 
spawning months. The juvemles migrate seaward from early 
July though the foUowing March, but the buUc of the juvenUes 
move seaward m September Wuiter-nm smolts enter the ocean 
between Decemfoer and May. The adulb mamre and spawn as 
three-year-olds, unlike the other races which mclude many 
four-year-old fish. Because of winter chincxik's unique Ufe 
histoiy, ocean fisheries which are stmctured to hanest the more 
abimdant faU chimxik runs during spring and summer months 
presumably have a refetiveiy minor impad on winter chinook. 

Spring run. Spring-run salmon arrive in the spawning 
areas tietween March and .Tune, with the peak time of anival 
usuaUy occurring in May or June, depending upon flows. They 
rest in die deep, cooler poob during the summer and then move 
onto the gravel riffles and spawn between fete August and early 
October There are generally two overlapping juvenile 
outinigration periocb, one between November and June when a 
portion ofthe production moves seaward as fry and fingerUngs, 
and the other between Octolier and Decemtier when the 
oulmigrants are primarUy yearlings. Most of the juvenUes enter 
die ocean as smolts from March through June, and the remain
der enter the ocean as yearlings from Oaober tiirough Decem
tier Springchinook runs tend to be dominated by three-year-old 
fish followed by four-year-olds and jacks. 

Ocean distribution. The development and widespread use 
of the coded wire tag since the niid-1970's have provided 
extensive data on the ocean cUstributions ofPacffic coast salmon 
stocks. Tagging studies in Calffomia, particularly on Centtal 
Wley and Klamath River faU chinoc^ salmon stocks, have 
provided better definition of the coastal areas used by these 
stcx;ks, as weU as the mix of stocks in a particular ocean area 
Central Wley faU chinook are found to range widely, entering 
fisheries in signfficant numben as far north as Westport, 
Washington. Klamath River faU chinook are found more nai-
rowly distrifouted foetween Point Arenaincentral CaUfomfe and 
Cape Blanco in southem Oregon. Ocean concUtions have also 
foeen found to affert the ocean distrifoution pattems ofthese and 
other Pacific coast salmon stocks. 

The ccxied wire tag has tieen Umited to those stocks readily 
avaifeble for tagging, mainly hatchety fish. The 1980's saw the 
development and refinement ofa geneticaUy-based system to 
differentfete chinook salmon stocks in ocean fishery landings. 
The techruque has verified tag cfeta for hatchery stocks, and has 
provided incUcatioiis of ocean cUstribution for the naturally 
produced stocks for which tag smdies have not been feasible. It 
has also aUowed estimation of the way many different stocks 
mix in ocean areas, as well as the rate at which they contribute 
to the fisheries. 

COHO SALMON 

Coho salmon are smaUer than chinook salmon; the aver
age size of a mature coho b seven to twelve pouncb The 
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Calffonua record for a freshwater spon-caught coho salmon b 
22 pouncb. The worid record b a 33-pound sport-caught coho 
landed in British Columbfe 

Coho salmon, Oncorhynchta kisutch. 

In Calffomia, coho spawn m suitafole streams from north
em Monterey Bay northward fout they rarely enter die Sacra
mento-San Joaquin River system. Coho enter many smaU 
coastal streams that are not utUized foy chinook, fout they also 
spawn in some larger river systems where chinook occur. 
(Compared to chinook salmon, there are relatively few coho ui 
(Talffomfe today Most Calffomia stteams utiUzed foy coho 
salmon are short in length, fout some coho do make refetiveiy 
long migrations, particularly mto the Eel River system. 

Withui Calffomfe river systems, coho salmon populations 
include only one race, or nm, which b generaUy consistent as to 
spawrung area used and tiime of spawning. Most spawning 
occun foetween Octofoer and Febmaiy. The juvenUes usually 
spend a littie more tiian a year in fresh water before migrating to 
the ocean; a few spend two yean. Most coho mature at the end 
of their tiiird year oflffe. Coho salmon older than three yean are 
relatively rare. A few males, or grUse, mature at age two. 

Genetic analysb of Cal ffomfe coho populattons has indicated 
a wide degree of mixing of the stocks in the past, probably 
reflecting past stocking and transplantation practices involving 
halcheiy fish. 

Coded wire tagging of Calfforrua hatcheiy coho stocks has 
incUcated nearly all are hanested in ocean fisheries as three-
year olds. Some are caught as far north as the central Washing
ton coast but most are caught within 100 miles ofthe stream 
from which they entered the ocean 

Status of Spawning Populations 

There have been decUnes in all of Calffomia's salmon 
popufetions smce the 1950's and I960's. In the Sacramento 
Rivei SV stem, the numben of fell-run chinook salmon have 
deaeased from 513,000 in 1953 tol24,000 m 1991, and die fete 
fall-nm from 3 7,000 m 1967 to 8,000 in 1991, a loss of about 75 
percent in each instance. Winter-run salmon have decUned by 
99 percent and ttie race is now listed as endangered t^ 
Califomfe and as threatened by the U.S. Govemment. In the 
San Joaqum River, the spring run was eliminated with the 
completion of Friant Dam in 1942, and the faU run has 
experienced wide fluauations smce the eariy 1950's and num
bered about 1,000 fish in 1991. Spring-nm chinook in the upper 
Saaamento River and ttie Trinity and Salmon riven in the 
Klamath foasin have foeen at veiy low levels in recent yean. The 
mns are so low that the race may soon qualify for Usting under 
die Calffomia Endangered Species Act 

Reasons forthe decUne in Calffomfe's salmon populations 
vary somewhat from river to rivei, Iwt there are two major causes; 
(1) destruction or loss of hafoitat, and (2) waler diversion 

In the Central \ ^ e y , a multitude of faaon has conttibuted 
to the decline These include several hundred unscreened 
irrigation diversions in the Sacramento Valley, 1,800 
unscreened divenions m the Delta and about 150 unscreened 
(Uvenions in the San Joaquin V^ley, poor or lost gravd 
deposition in salmon spawning and rearing areas; poUution; 
atienant river flow fluctuations caused foy altemating water-
release schedules from dams to meet downstteam water-quaUty 
standards and water divenion contracb; elevated water 
temperatures stemming from power generation operations and 
reduction in cold water storage as resenoin are emptied to mert 
agricultural contracts; and impedimenb to migration such as 
dams or diversions. The massive and mcreasing export of water 
from the southem Sacramento-San Joaquin Delta has probafoly 
been the greatest cause of decUne in Central VaUey salmon 

Red Bluff Diverston Dam on the upper Sacramento River 
continues to foe a major impediment to adult upstteam migration, 
a major point of diversion and loss of downstteam migrating 
juvemles, and a haven for predatoiy squawfish. Lifling ofthe gates 
at thb feciUty has been implemented in the spring to protea 
winter-nm chinook, but may be needed year round in the vety near 
fiiture as the runs of the other races of chincxik in the upper 
Sacramentoconiinue Va decUne. Alternative methocbofdeUvering 
water from die river at Red Bluff are currendy foeuig conskiered 

Declmes in coastal river chinook and coho salmon popula
tions have lieen caused foy many of the same faaon. But m 
addition, these areas have foeen affected by past and in some 
mstances, present timber hanest practices. These practices 
have reduced stteam shading, resiUting in high temperatures, 
and have accelerated erosion and fiUing of poob. Logjams have 
formed impediments or blockages to ^u l t migrations. 

Runs of hatcheiy chinook salmon have foeen stafole or 
inaeasing. except in the San Joacjuin, stemming from ex
panded rearing fedUties and improved rearing and disease 
control techiuques. Trucking operations in the Central V^ey 
have gready inCTeased hatchery fuh survival tiy redudng 
mstream losses offish at divenions and to predaton. Improved 
disease prevention and treatment techniques have sufostantially 
inCTeased the chances of a hatchery fish surviving to proper 
release size. Rearing of juvenUe salmon to larger sizes has also 
foenefitted pioduction 

The tmcking of hatcheiy fish in the Central V^Uey has 
mcreased the rate of straying of retuming adults, possibly to the 
detriment eff the naturally produced fbh. Hatcheiy fbh have 
tieen important to maintaining ocean and in-river fbheries, and 
have incorrecdy foeen perceived as a viable altemative to 
maintenance of natural spawning populations. Unfortunately, a 
successful hatcheiy program can mask the decUne in the natural 
mn due to straying ofthe returning adulb, and this appean to be 
die case for chuiook in many areas ofthe Central V^ley and the 
Klamath River basin 

Hatcheiy adulb spawning m the wUd can comprte widi 
namrally produced fish for adult spawnmg and juvenUe fish 
rcanng areas Interaction of hatcheiy and natiuaUy produced 
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saUnon is most acute in the close viciruty of the rearing 
fadUties. Battie Creek below Coleman Hatchery and Bogus 
Creek adjacent lo Iron Gate Hatchery typically are overloaded 
witii spawning fish each feU due to straying of hatchery adults. 

L.B. Boydstun 
Richard J. HaUock (Retired) 

Teny J. MUb 
CaUfomfe Department of Fbh and Game 
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SALMON: DISCUSSION 

Maintaining salmon runs m Calffomia depends more on 
preserving an adeciuate freshwater environment than on regu-
feting ocean and inriver fbheries. A poor law or regufetion can 
foe changed long foefore the damage it causes becomes perma
nent, but a stteam that b blocked near ib mouth foy an 
impassable dam wiU produce no more saUnon. A stteam kept 
dry dirough the spawning season by diversion b no better, fout 
may prove salvageable ff water can eventually be provided 
Diverting aU the water from a stream duiihg t^downstream 
migration perkxl of j u v e f l ^ wfll prevent a ^ td them from 
reaching tfae ocoad.'eveiti^ade^uie'&lf'sib^n leep diem 
from entering the irrigation canab. Reducing stream flows or 
shade may result in a stream foecoming tcxi warm for salmoit 
Siltation from logging or road constmction can smother salmon 
eggs or divert water away fiom them. Although habitat destmc
tion ,of these and ceitain other forms can be quite obvious, 
sometimes the causes of serious damage can be considerably 
less obvious. 

Challenges to inland Salmon Management 
In I960, the salmon runs of the San Joaquin Wley 

consisted of afoout 50,000 fish and seemed to foe douig well. The 
next year they were down to 2,500, afoout a 95 percent drop. A 
careftd investigation revealed that salmon hafoimally refiised or 
were unafole to go up the San Joaqiun River past a polluted area 
below Stockton until flows there were sufficient to raise the 
dissolved oxygen content to five parts or more per miUion 
Although the situation in thb area is quite complex, the basic 
profolem b refetiveiy simply understood: heavy pumping at the 
Bureau of Reclamation's Tracy pfent and die State Water 
Projert's Byron FacUity withdraws much of the San Joa()uin 
River flow and reduces, stops, or even reverses the flow past 
Stockton. 

In a dry spring most ofthe San Joacium water flows to the 
state and Federal pumpuig planb near Tracy and BvTon, and die 
young salmon move with i t Fish saeens at the two plants 
prevent complrte disaster, but there are losses directiy attribut-
afole to the screens and probably othen due to die dislocation 
and intenuption ofthe migration. Of particular concem b the 
loss of juvemle salmon in Clifton Court Forefoay. Clifton Court 
b an enclosed foody of water which feeds the massive pumps of 
the State Water Project The forday b refUled ona regular t asb 
and the schedule b influenced tiy tidal sequences in die Delta 
Experimental stucUes have revealed that losses of juvenile 
chinook salmon passing through the forebay have ranged from 
65 to more than 90 percent Most ofthe losses are at uibu table to 
predation liy striped lass and other piscivorous fishes. 

In 1989, the CaUfomia Fish and Game Commission Usted 
die winter-ran chinook salmon as an "Endangered Species" 
under die Calffonua Endangered Spedes Aa (C^SA) In 1990, 
die Federal govemment followed by Usting die wmtci-mn as 
direatened pursuant to the Federal Endangered Speaes . \ a 
(ESA). Species management under provisions of the ESA 
rcquues ttiat existing and proposed Federal acuons and permit-
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T 
ted acuvities be conducted in a maimer that wiU not jeoparcUze 
the continued existence ofthe animal or result in the destmction 
or adverse modification of habitat essential to the continuation 
ofthe spedes. Federal agendes must consult witii die National 
Marine Fisheries Seniee w hen they propose to authorize, fund 
or carry out an adion which could potentially adversely affed 
the winter-mn chinook salmon LUcewise, Stale-sponsored 
activities that might affea winter-run must foe reviewed under 
the provisions of CES A. 

Operation ofdie Federal Centtal VkUey Projert (CVP) and 
die Sute Water Projea (SWP), footh of which sttongly influence 
the sunival of winter-run chinook salmon, are presently under 
review and various operational and structural alternatives are 
foeuig evaluated. These include: reduction in water exports from 
tiie Sacramento-San Joaqum Delta during peak migrations of 
winter-run fi^ and smolts; installation of a mulu-levd water 
temperattue conttol device at Shasta Dam; closure ofthe Delta 
Cross Channel during peak winter-run outmigration; extend
ing the period of unimpeded passage for adults and juveniles at 
Red Bluff Divenion Dam (i.e., laismg the gates); unplementa-
tion and instalfetion of alternative operational procedures and 
cUvenion stmctures for deUvering water to the Tetiama-Colusa 
Canal (replacing the existing gravity-feed method which re-
quUes closure of Red Bluff Diversion Dam); and temporary 
cessation of water diversion from Montezuma Slough during 
peak period of juvenUe salmon outmigration 

Hatcheries have tiecome increasingly important for pro
dud ng fish to foe caught in ocean and in-river fisheries. Near the 
coast tioth chinook and coho are reared m four State fedUties 
(Iron Gale, Trinity River, Mad River, and Warm Springs). In the 
Central Wley, chinook is the sole emphasb in the one Federal 
(Coleman) and four State hatcheries (Feadier River, Nunfous. 
Mokelumne River and Merced River). All chinook hatcheries 
rear fall run fish, whUe the Trinity and Feather River hatcheries 
also rear spring chinook. Chinook generally are reared for 
release m spring at an average size of 90 per pound or to 10 per 
pound foi fall release, aldiough summer releases at mtermedi-
ate sizes are abo common. Coho are generaUy released in the 
spring as yearlings at an average size of ^xxit 12 per pound 
Most of the chinook produced in the State fedUties in the 
Central V^ley are tmcked and released at sites in the Sacra
mento-San Joaquin Delta Trucking is done to liypass the 
numerous water diversions and predatoty animals the young 
salmon have to avoid in reaching the ocean. Thb practice has 
signfficantly increased their survival. In recent yean, hatchery-
produced chinook have probably contributed haff of the overaU 
adult remms to Cenual \^ ley and the Klamath River basin 
streams. Hatchery-produced coho have comprised most ofthe 
coho in die Kfeinatii River, aldiough the retums have been 
small in comparison to chinook. The Mad and Russian River 
mns have each received significant contributions of hatcheiy-
produced chincxik and coho. 

Disease prevention and control b a major concern of 
hatcheiy managen and b one of the important argumenb 
against reUance on hatcheiy production for die consenauon of 
salmon popufetions. Disease outbreaks can result m the total 
loss ofa cohort offish in a hatcheiy setting, whUe in the wild the 
cohort has access to alternative rearing habiUb. 

Hatcheries commonly produce a surplus of adult returns 
for their egg-take neecb. Commercial and sport fishen tiien 
want less restrictive fishing regulations ui order to hanest the 
hatchery surplus. Ttib is detrimental to the naturaUy spawning 
fish, which carmot sustain nearly so high a rate of hanest 
Responsible hatchery management means not only produdng a 
healdiy and lobust fbh, but also educating the sport and 
commerdal fishen on die importance cf managmg die fisheries 
for natural production whUeacoeptingasurplusofhatcheiy adults. 

Challenges to Ocean Management 

The foUowing statement b excerpted from the Pacific 
Fisheiy Management CouncU's Framework Plan for salmon: 
"When die Pacific Fbheiy Maragement Coundl was formed in 
1976, it recognized that the salmon resources of Washington, 
Oregon, Idaho, and CfeUfomia retpiired immecUate attention 
because of conservation and allocation problems." 

These management concerns continue to exist and cur
rently shape ocean salmon management as it appUes to the 
Calffomfe fisheries. Refetive to conservation, fishing regula
tions have foeen enaaed that Umit hanest via quotas or time/ 
area closiues so that adequate numlien offish can remm to riv er 
spawning areas. Greater restiictions have foeen enacted follow
ing droughts (such as in the eariy 1980's) or foecause of poor 
ocean survival concUtions (such as the severe 1983 El Nifto), 
whUe less restrictive fbhing regimes have foeen enacted m times 
of atiundance (such as in the nud-1980's in central Calffomfe). 
These consenation measures, however, have foeen ovenhad-
ow ed Ul teims of controversy, foy the need to allocate the salmon 
resource in recent yean among and between ocean and inriver 
user groups. For instance, higher allcxation of chinook salmon 
to Klamatii River usen (Native American and inriver reae
ational anglen) in the niid-1980's led to restrictive ocean 
fishing regulations off northem Calffomfe and southem Or
egon, even though salmon were in very high abundance. 

As ocean salmon fishing regufetions have foecome more 
restrictive, the fishen, espedally the commercial hanesten, 
have decUned in numtier, some ceasing to fish at all whUe 
othen have shifted to other fisheries. This has affeaed catch 
levels and regufetion of the other fisheries, most notafoly 
rockfish and sablefish. 

Ocean salmon managen must continually foe prepared to 
respond to changes m the fisheries. The advent of "mooching" 
UI centtal CaUfomia as opposed to the tracUtional ttolUng 
method of catch, may lead to different resource impacts. Like
wise, the cxxan environment continues to change, physicaUy as 
weU as biologically. Refetive to the salmon resource, coastal 
water quaUty neecb to lie monitored and protected There also 
appear to tie increasing confUcb between ocean fishen (bodi 
recreational and commercial) and marine mammab, hartior 
seals and sea lions in particular. Federal legbfetion aimed at 
protecting diese animab has foeen veiy effective in uicreasing 
tiiei r numben and has led to increased depredation on sport and 
commerdaUy hooked salmon. Most ofthe problems have been 
in the marine area, particulariy in die Monterey-San Francbco 
region, fout problems liave also occurted in some lower nver 
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areas, such as the Klamath River estuary where Native Ameri
can and sport fishen annually seek to hanest salmon. 

Anglen show off their chinook salmon catch. 

Specific Management Recommendations 
The major threat to Calffomfe's salmon resource b fiirther 

degradation and eUmination of ib freshwater and estuarine 
habitab. Restoration of inland spawning and rearing habitats 
and renegotfetion of inland water management polknes, par-
ticuferly Ul die Central Wley. must be punued ff salmon 
production leveb are ever to rettiro to their former levels. 
Prudent regulation ofthe fisheries will be recpiired to equitably 
distrifouie the available fish between the various ocean and 
inriver usen and to mert spawning escapement neecb. To these 
ends, the Calffomia Dqartment ofFish and Game should: 

I) Continue ib efforts to improve, restore, and enhance 
freshwater and estuarine habitab for salmon Specffic focus 
should be on: 

a Saeening of water diversions; 
fo. abatement of pollution sources, chemical and diermal; 
c. reductions in siltation and gravel compaction levels; 
d eUmination of gravel removal operations in important 

spawning and rearing areas; 
e. reduction of vegetation enCToachment into major spawn

mg areas; 
f maintenance of suitafole stream flows and temperamres. 

and 
g. control of diseases, particularly tarterial kidney disease 

m hatcheries. 

2) Support StucUes to differentiate races of salmon, particu
larly in the Central Wley, where winter-nm chinook are close to 
extiipation and spring-ran chinook are severely depressed 

3) Develop and implement plans to reverse the status of 
depleted salmon stocks, winter-run and spring-run in particular. 

4) Investigate the feasifoiUty of constmcting a salmon (and 
steelhead) hatchery within the San Joaquin foasia 

5) Continue to work with the Klamath Fisheiy Manage
ment Coundl in developing a long-term harvest sharing agree
ment foetween and among ocean and inriver usen. 

6) Siqiport studies to compare hooking mortaUty rates 
following release for sufolegal salmon caught liy trolling and 
mooching. 

7) Operate hatcheries and rearing faculties at fidl capadty 
striving to minimize effects on natural production. 

L.B. Boydstun 
Richard J. HaUock (Retired) 

Terry J. MUb 
Calffomfe Deiartment of Fbh and Game 

STEELHEAD 

History of the Fishery 

Steelhead (Oncorhynchus mykiss) and Pacffic salmon 
were an unportant part of Native American culttire prior to tlie 
anival of European setden. Native Americans utiUzed thb 
lesource for sufosistence, trade, and ceremonial purposes. 
Salmon and steeUiead were hanested year-round by central 
coast and Central Valley tribes, and primarUy during fete 
summer and feU months by north coast tribes. Nets, spears, 
uaps, and wein were utUized to capture the fish. Today, Native 
Americans employ giU neb to capture salmon and are Umited to 
die Klamath River system. The large-mesh gUl nets used in dus 
fisheiy are targeting salmon, and so the smaUer-sized steelhead 
are not taken in large numben. 

There b no commercial steelhead fishery m CaUfomfe 
tocfey. Commerdal salmon troUen cannot legalhy possess steel
head and veiy few are taken inddently in the commadal 
salmon catch. 

There b a weU-estabUshed steelhead sport fishery m 
Calffonua The majority of angler effort b expended ui river 
s>'stems and coastal streams ofthe north coast, the centtal coast 
north of San Frandsco Bay, and the Sacramento River systent 
There are a few riven and streams ofthe central coast south of 
San Frandsco that still support a steeUiead spon fishery, but 
these have become limited in recent yean due to a dedme m 
populations. The steeUiead fisheiy of soutiiem CaUfomia 
(soudi of San Luis Obispo) is almost nonexistent due to severe 
declines and extirpation of many ofthe runs. There are a few-
historical accounts of a steelhead fisheiy in the San Joaquin 
River $>'Stem; at present, diough, it does not support a stedhead 
sport fishety. 

Steelhead sport fbhing b important not only for the 
recreation diat it provides, but also for ib econonuc bcnefiL<. A 
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1985 econonuc analysis ofthe aradromous sport fishery ofthe 
SaCTamento-San Joaquin river system estimated that sales 
revenue generated from stedhead sport fishing in the Sacra
mento River and tributaries was over 7.2 miUion doUan. When 
norffishing activities were included Sacramento River steel
head geneiated over 9 miUion doUan annuaUy 

Steelhead, Oncorhynchus mykiss. 

Status of Biotogical Knowledge 

Steelhead are anacUomous raintiow ttout, a salmonid na
tive to westem North America and the Pacific coast of Asfe. In 
North America, steelhead are found ui Pacific Ocean drainages 
from southem Calffomia to Alaska In Asia, they are found on 
the east and west coast of the Kamchatka Peninsufe, with 
scattered populations on the mainland In Calffomia, pawning 
popufetions are found from MaUbu Creek, in Los Angeles 
County, to die Oregon border and m the Sacramento Rrver 
system. The present distribution of steelhead in Calffomfe has 
lieen greatiy reduced from hbtoric levels. 

Historical ranges (left) and present (right) of steeUiead in 
CaUfomia 

SteeUiead are similar to some Pacific salmon tn their 
ecological requirements. They spend most of their lives in the 
ocean, where they grow to a large size, and then retum to fresh 
water to spawn Unlike salmon, steeUiead do not necessarily cUe 
after spawnmg. Post-spawning survival rates, however, are 
generaUy quite low. „ 

Two prindpal races of steelhead are defined foy the migra
tion timing of adults and the degree of maturation ofdie gonacb 
of the adults upon entry into freshwater Summer steelhead 
(also called "spring-nm" steelhead) enter ftesh watei in spring 
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and early summer with only sUghdy developed gonads, ascend 
to headwater urifoutaries, and hold over during summer in deep 
pools. They spawn in fete faU and early winter. Wmter steelhead 
have well-developed gonacb when they foegin their spawning 
migration in fete fall and winter, and are usually ready to spawn 
widiin a few wedcs or months ofthe time they enter fresh water. 

Prior to the mtensive water development of thb century, 
summer steelhead were much more common in Calffomia than 
they are today. They may have been the more prevalent of tiie 
two races in die Sacramento system (and probably the San 
Joaquin system) untU the constmdion of large dams on many ctf 
the major spawning tributaries blocked access to the headwa-
ten. Today, summer steeUiead are found only in north coast 
drainages, mosUy in ttibutariesof the Eel Klamadi, andTrinity 
river systems. Winter steeUiead are abo present in north coast 
drainages, as well as the Sacramento River system, and central 
and south coast drainages. 

Steelhead generally spawn in smaU tributaries where cool 
weU-oxygenated water b avaUafole year-round Like salmon, 
the female digs a nest, or "redd" deposits eggs whUe an 
attendant male feitUizes them, then coven the eggs with gravel. 
Fiy emergence firom die gravel b dependent upon water tem
peramre, fout usuaUy occurs within 60 days. 

The Ufe history of steeUiead diffen from tiiat of Pacific 
salmon prindpaUy m two aspeds: juveniles have a tonger 
freshwater rearing requirement (usually from one to three 
years); and the amount of time spent in fresh and salt water b 
much more varfefole both for adulb and juvenUes. In the classic 
smdy of steelhead biology by Shapovalov and Taft on Scott and 
Waddell Creeks m Santa Cmz County, it was found diat die 
majority of adulb retuming to the stream to spawn had spent 
two years in fresh water and one or two yean in the ocean 
However, steelhead showing other Ufe history panems were nrt 
uncommon: scale analysis of adults indicated that they spent 
from one to four yean in fresh water and from one to ttuee yean 
mthe ocean 

Unlike salmon, steeUiead do not necessarily migrate at any 
set age. Some individuals wUl remain in a stream, mature, and 
even spawn widiout ever gomg to sea, othen wiU migrate to sea 
at less than a year old and some will retum to freshwater after 
spending less than a year in the ocean The weU-known 
Klamath River "haff-pounden" are sexuaUy unmature steel
head that retum to fresh water after spending only a few montiis 
at sea. These fish do not spawn, fout retum to the ocean and 
evenmally ascend the river in a secoPid upstream migration as a 
larger, mature steelhead 

The variabiUty in Iffe histoiy pattems is a survival mecha
nism that may have evolved in response to seasonal variations 
ui rainfaU pattems. Thb is evident in scxithem Calffomia 
where steelhead exist at the southemmost Umit of their range 
The major river systems in thb area are subjed to extreme 
variations in rainfaU which can result in high volume, flash 
flood runoff or droughts lasting several yean. It b conunon for 
die lower reac:hes of many of diese riven to dry up completely 
during the summer Juvemle steelhead rearing in die perennial 
hcadwaien ofthese riven would at times, have no access to the 
ocean for several yean. The flexibUity to survive in freshwater 
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until the next storm opened a migration corridor to the ocean 
has allowed steelhead to existin this marginal environment 

Status of Population 

Because of the difficulty in assessing steelhead popula
tions, we have few good estimates of adult numben and a 
statewide population estimate is not avaUafole. Carcass suneys, 
a depencfeble method to estimate salmon spawning pecula
tions, are not veiy useftU for assessmg steelhead spawning 
popufetions. because steelhead do not necessarUy die after 
spawning. Counts made at w d n and fishways can be dUTicult, 
foecause adult steelhead tend to migrate on high, tuifoid wimer 
flows. Despite the lack of accurate numfoers. otiier reUable 
indicaton show that steelhead like most odier anadromous 
salmonid stocks in Calffomia, are declining 

Southem steeUiead stodes (those occurring south of San 
Frandsco Bay) are the most jeopardized ofall of Calffomfe's 
SteeUiead populations. The southemmost range of steelhead 
foimeily extended to northern Baja Calffomia and they were 
present in streams and rivers of Los Angeles, Orange, and San 
Diego counties. At present, Malibu Creek in Los Angeles 
County is the southernmost stream containing a spawning 
popufetion, altiiough there may be isofeted population rem
nants present in other stteams fiirther souUt 

SteeUiead numben have decUned drasticaUy in nearly all 
southem CaUfomfe streams. The 1943-1944 mn in the Santa 
Ynez River, one ofthe largest ofthe southem Calffomfe rivers, 
was estimated lobe from I3,000to 25,000 adulb. Odier Stteams 
that historically siqiported large steelhead runs include the 
\^ntura Santa Clara and Carmel riven. Today, these sueams 
support very few steelhead ff any at all. Afoout 20 adult 
SteeUiead were obsened m the \fentura River estuaiy in 1991, 
none have tieen seen in the Santa Clara River system for several 
years, and very few adult steeUiead have retiuned to the Carmel 
River during die past five yean. 

These populations are clearly on the verge of extinction 
Major impacts are from uitanization and other watenhed 
disturbances, blocked access to headwater spawning and rear-
uig areas, and partial and total dewatering of stteams by water 
divenions and grounchvater pumping 

SteeUiead numben in the Sacramento River system have 
been steadily decUning since the 1960's and 1970's. Mean 
annual run for the total system (calcufeted from feg recovery, 
aeel censuses, and dirert observation) bias decUned from 
30,300 adults in die 1960'sto^iout 13,000 adulb in die 1980's. 
SteeUiead counb at the Red Bluff Diversion Dam on the 
Sacramento River near Red Bluff have decUned from an 
average annual count of 13,300 adulb in die 1960's to 2,500 
adults in the 1980's. Hatchery counts at Coleman National Fish 
Hatchery and Nimbus Hatcheiy also show a decUning ttend 

Approxiinately 95 percent ofthe adults returning to spawn 
in the Sacramento system are of hatcheiy origin The dedme of 
natural reprodudng popufetions of wild stocks has been more 
precipitous than that of the hatchery-produced stocks. Wild 
stocks in the Sacramento system are mosdy confined to upper 
Sacramento River uibutaries such as Gear, Battle, Deer, and 
MiU creeks and the YubaRiver. Annual counb made at Clough 

Dam on MUl Creek from 1953 to 1963 ranged from 417 to 2,269 
adulb. In 1964, 1,006 adult steeUiead were counted at Vina 
Dam on Deer Creek. There has been no recent evidence of 
SteeUiead spawning in Deer and MiU creeks. There are indica
tions diat SteeUiead were present in tributaries of the San 
Joaquin River, although thb system has not supported a viable 
popufetion for at least 50 years. 

Major impacb to natural and hatcheiy-maintained stocks 
in the Sacramento River system are due mosdy to water 
development resulting in inadequate instt-eam flows caused by 
excessive water divenions for irrigation, rapid flow fluctua
tions due to water conveyance neecb, high summer water 
temperatures in stteams immediately bdow resenoirs, diver
sion dams which folock access, and entrainment of juveniles mto 
unscreened or pooriy screened diversions. The operations ofthe 
federal Central Valley Projert and die State Water I^roject, 
paitictUariy the pumps in the soudi delta, have had a major 
detrimental effert on steeUiead. These massive irrigation and 
munidpal water supply projects are the hub from which water 
b dbtributed in Calffomia, and they h.ave exaded a heavy toU 
on Calffomfe's aquatic resources. Revene flows, entrainment 
of fbh into the pumps, and inaeased precfetion at water 
fedUties are the major problems caused by the operations of 
tiiese projects. 

The greatest abundance of steelhead in Calffomia occun in 
north coast stteams and riven. The largest ran of steelhead m 
Calffonua waten is in the Klamath-Trinity river system. The 
Eel River abo supporb a sizeable run. Unfortunately, we do not 
have estimates ofthe size ofthe cunent ran for these systems. 
Because many of the spawning and rearing tributaries are 
largely undeveloped and stUl fairiy remote, the north coast rans 
are in foetter condition than odier areas ofthe state, aldiough 
these populations are also declining 

Major ferton impacting north coast steelhead stocks are 
watenhed distuibances caused foy loggi ng on unsfefole and steep 
slopes, grazing, and road buUding Poaching is a major prob
lem, espedally for summer steelhead which must oversummer 
in pcxib, often in aowded conditions. Thb renden them 
susceptible to snagging and netting, espedaUy ff die poob are 
located in accessible areas. 

Management 

Admittedly, the Department of Fbh and Game is behind 
the times in steeUiead management and research. From the 
1930's through the 1950's, the E>epaitment was in the forefront 
producmg such classk: smdies as Shapovalov and Taft's steel
head lffe histoiy sttidy on WaddeU Creek, and Hallock's evalu
ations of stocking of hatcheiy-reared steeUiead in the Sacra
mento River The Department's stedhead management and 
research efforts have lieen gready reduced since thb time. The 
need for information regarding salmon stocks has intensified 
over the past decade, and this has led to a redirection of ttie 
Department's anadromous research and management efforts. 

The Department ofFish and Game has lecendy begun a 
SteeUiead Management and Research Pioject One of the 
primaiy tasks of thb projed wiU be to develop a statewide 
steelhead management pfen that wiU identify goab, objectives. 
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and restoration needs. In 1993, Calffornia will mstimte a catch 
report card requirement foraU steelhead anglen. This require
ment will provide much needed angler hanest information and 
also fimds to be used for management, research, and specffic 
restoration projects. Restoration of wUd and native steelhead 
populations will be a major objective ofthe Steelhead Project 

Dennb McEwan 
Calffomfe Department of Fbh and Game 
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per person Umit In 1956. snagging for sturgeon was outfewed 
and the legal size minimum was raised to 50 inches through 
1963. The smaU sport fishing catch increased dramaticaUy m 
1964 when the minimum size reverted to 40 inches and grass 
shrimp were cUsoovered to be effective bait By 1967, 2,258 
sturgeon were landed by partybcat anglen. Possibly due to 
reduced stocks of other estuarine and coastal marine spedes 
such as Stiiped foass, angling for white sturgeon has foecome veiy 
popular. Altiiough exad sport catch data are not available, the 
CaUfomfe Department of Fbh and Game estimates that hanest 
rate during the 1980 's was 40 percent greater than it was during 
the previous two decades. In 1990, a 72 inch maximum size limit 
became few and the minimum size was uicreasedfoy two uiches per 
year untU a new miiumum size of 48 inches b reached (1993). 

WHITE STURGEON 

History of the Rshery 
Historically, the white sturgeon (Acipenser transmontanus) 

resource has been very important to Calffomians. Sturgeon 
scutes and skull plates are found in native American middens in 
the San Francisco Bay, Sacramento - San Jcaquin Delta, and 
Elkhom Slough areas, indicating that these large fish were 
important sources of tribal raitrition. An early commerdal 
fishery developed for while sturgeon tietween the 1860's and 
1901, stimufeted by a growing acceptance of smoked sturgeon 
and caviar on the East Coast (ffNorth America The Calfforrua 
hanest was concentrated in the San Francisco Bay and Delta 
Fishing gear included gillnets, longlines, and multiple 
unbailed hooks for snagging sturgeon. The commerdal catch 
peaked at 1.65 million pouncb in 1887, declined to 0.3 nullion 
pounds in 1895, and to 0.2 million pounds in 1901 when the 
commercial fishery was closed. Small conunerdal catches in a 
reopened fishery from 1909 to 1917 mdicated diat white 
smrgeon populations were stUl low, and commercial fishing 
ceased in 1917. 

Sport fishing for white sturgeon was legalized in 1954, 
with a 40 inch tola! length minimum size and a one fish per day 
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White sturgeon, Acipenser transmontanus. 

Status of Biotogtoa! Knowledge 

White stiugeon are generally found in estuaries, and their 
range extends along the Pacific Coast ofNorth America from 
Ensenada Mexico, to the Guff of Alaska. However, spawning 
popufetions have been found only m large riven from the 
Sacramento-San Joaquin system north. Indeed most Calffor
nia white sturgeon are found m the Suisun Bay-San Pablo Bay-
San Francisco Bay estuarine system. Some white sturgeon 
move into the Delta and lower Sacramento River during faU and 
early winter. Some ofthese fish move up the SaciamenU) Riv a 
to the Colusa area or into the Feather River for spawning A 
smaller number move up the San Joaquin River. The Kfenatii 
River supports the other Calffomfe sub-popufetion of white 
sturgeon. A few fish have shown extensive movements atong 
die Paafic coast. Some fegged fish from San Pablo Bav have 
been caught m Oregon and Washington. 
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Calffomia white sturgeon grow very rapidly. Young stur
geon can reach 7.5-12 inches fork length in one year. This rapid 
growth slows somewhat and they reach 40 inches after six to 
twelve years. Subsecjuently, ihey grow one to 2.5 inches per 
year. Ages and growth rates of field-caught fish have been 
determined from the number and spacing of annular rings, 
visible in seaions of first pertoral fin rays. Laboratoiy experi
ments have shown that young-of-the-year white sturgeon 
growth is affected liy water temperature and dissolved oxygen 
concenttation. They grow significantiy faster at 68°F than at 59° 
F, but an increase to 77° F does not significandy increase growth 
rate. When cUssolved oxygen concentrations drop to 56 percent 
of air saturation at any ofthese three temperatures, juvenUe fish 
show a signfficant decrease m growth rate, presumably due to 
reduced food consiunption. The white sturgeon's rapid growth 
rate has attraaed the interest of some CaUfomia aquaculturists, 
who grow sturgeon in fieshwater tanks which have consistentiy 
mcxlerare temperamres and high dissolved o,xygen concentrations. 

The largest sturgeon were caught before 1900 when size 
records were vague. However, the largest of these fish was 
probably more than 13 feet long and weighed more than 1.300 
pouncb, making white smrgeon the largest freshwater-inhabit
ing fish in North America! This fish may have been 100 yean 
old The largest white smrgeon capmred in Califomia waters 
during the past 40 years (a 9.2 foot •*60 pound. 47 year-old 
female) was iradvertentiy caught in a Saaamento River fish 
ttap in 1955. In a U.C. Davis smdy of white sturgeon during the 
1980's, many fish were caught measured, examined for sex and 
slage of mamrity, and released. Median male size was 3.6 feet 
and mecUan female size was 4.6 feet in San Frandsco Bay 

Compared with most freshwater or anacUomous fishes, 
w hite sturgeon are quite old when they become sexually mature, 
but they evidence impressive fecundity at this large size. In the 
U C. Davis smdy during die 1980's, sexually mature males 
were 3.6-6,0 feet long (10-15 yean old), whereas mamre 
females were generaUy 4.6-6.6 feet (12-20 yean old) ui San 
Frandsco Bay. However, high natural variability in the size at 
sexual maturity was noted especially among female white 
sturgeon. Foi example, the smallest pre-spawning female white 
sturgeon weighed only 25 pouncb, whereas a 120 pound female 
was caught which, from gonadal analysb, was deteimined to 
have not yet spawned in her Iffe! Preliminaiy smdies incUcate 
that white sturgeon females protafoly do not spawn even year 
Several yean may lapse between successive spawnings in an 
individual female. In the study on San Frandsco Bay fish, 
approximately 50 percent ofthe males captured were approach
ing spawning condition for that year, compared with only about 
15 peicent of the captured females. FecuiKfity scales widi 
female size. Smaller females (under five feet) contain afoout 
100,000 eggs, whereas the 9.2-foot record female contained 4.7 
miUion eggs! 

Spawning occun in the Sacramento River tietween mid-
Nferch and early June when water temperatures are 50-75* C 
Little is known about spawning behavior White sturgeon 
spawn their eggs onto deep gravel riffles or rocky holes in the 
upper Saaamento and Feather Rivers. The fertilized eggs arc 
ven adhesive and hatch after one or two weeks on the bottom 

Lanae stay close to the bottom and are washed into the upper 
reaches ofthe SaCTamento-San Joaqum estuaiy. Young juvemle 
sttUgeon become increasingly tolerant of brackish waler as tiiey 
grow and develop. 

White sturgeon feed on a wide variety offoottom-dweUing, 
estuarine animals. Sturgeon feed by suction with their ventral 
protrusifole mouths. Dense aggregations of taste buds on tiieir 
four baitieb presumafoly assist in identification of food on die 
bottom. When tiieir mouths are blocked by food white sturgeon 
can ventifete their giUs tiy flushing water in via the dorsal part 
ofthe giU sUt and out vfe die ventral part Young sturgeon (eight 
uiches) feed primarily on smaU cmstaceans such as amphipods 
and opossum shrimp. As they develop, they take a wider variety 
of benthic invertebrates, inclucUng various species of dams, 
crabs, and shrimp. Larger sttugeons' diets include fish such as 
herring, striped bass, anchovy, smelt, stany flounder, salmon, 
and ttout White sturgeon in San Frandsco Bay gorge them-
sehes on herring roe, when it b avaifeble during the winter 

Linle is known about predaton on white sturgeon. SmaUer 
fish are undoubtedly taken by various fish and bird predators, 
altiiough the five Unes of bony scutes along their bodies 
profoably make them less desirable prey than other estuarine 
species. Anglen unctoubledW mount the largest precfetoiy effort 
on the adult fish. 

Statijs of Population 

The nineteenth century history of white sturgeon fishing in 
CaUfomfe waten shows thb species' vulnerability to overfish
ing. Delayed sexual maturity and infrecquent spawning tiy the 
females exaceifoates this viUnerafoiUty compared to most bony 
fishes. Calffomia Department ofFish and (Jame gillnrt sun'eys 
duri ng die 1980 's in San Pablo Bay showed diat angler hanest 
was high, and new size lunib (including initiation ofa first-ever 
maximum size Umit in 1990) reflect the Department's manage
ment concems. Their analysis ofthe supply-demand relation
ship incUcates that the "white smrgeon cannot sustain the 
cunent 10 percent annual hanest rate." 

Besides mortaUty asscxnated with fishing, white sturgeon 
popufetions are influenced very much by recruitment of young 
fish. CaUfomfe Department of Fish and Game suneys of young 
and adult fish spanning the 1975-1986 period show that recruit
ment of young fish b directly proportional to fieshwater outikiw 
duough die Sacramento-San Jbaquui esmaiy. Thus, lecmitment is 
highest in yean wilh high rainfaU and runoff although the 
mechanism driving thb phenomenon b not yrt known. 

Joseph J, Cech, Jr 
University of Califorrua 
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STRIPED BASS 

History of the Rshery 

In 1879, 132 young striped foass (Morone saxatilis) from 
the Navesink River, New Jersey were released into the Sacra
mento-San Joaquin Estuaiy at Carquinez Strait A second plant 
of 300 fish from die Shrew*ury River, New Jersey followed m 
1882. Shortly after tiiese uiuroduaions, striped bass experi
enced a population explosion in the estuaiy. Commercial har
vesting started in the early 1880's and by the tum ofthe cenmry, 
exceeded one million pounds annually The greatest recorded 
commerdal catch, over two mUUon pounds, occurred in 1903. 
Subsequently, annual catches dedined due to increased restric
tions on the fishery. 

In 193 5 the commercial fishery for striped bass was closed 
aldiough the stock was not depleted. The closure stemmed 
largely from a sodal confUa foetween sport and commerdal 
fishing interests which culminated in the closure ofthe com
mercial giU net fisheries for chinook salmon and American 
shad in 1957. Thousands of striped foass which could not be 
legally marketed were kiUed annually in nets fbhed for these two 
spedes. Qosure ofdie salmon and shad fisheries reduced fishing 
mortaUty for striped bass, fout the magnimde of the reductton 
cannot be estimated because the predse extent of the incidental 
hanest is unknown Some iUegal netting continues today. 

The striped bass sport fishery has become the most impor
tant fishery in the Sacramento-San Joaquin Estuary and one of 
the most important fbheries on the Pacffic coast From 1969 to 
1989 there has been a general decUne in catch assodated with a 
decline m striped bass abundance. Over thb period the annual 
catch varied from about 403.000 fish in 1975 to 68,000 fish m 
1989. During the early I960's tbe annual catch of striped foass 
was even ferger, probafoly around 750,(X)0 fish. In 1985 an 
economist estimated the annual value ofthe striped foass fbheiy 
to exceed 45 million doUars. 

Striped foass angling occun year-round tiut fishing locali
ties vary seasonally in accordance with the striped bass migra
tory pattem. Tag recoveries mdicate that many adults inhabit 
salt water—San Pafolo Bay, San Francisco Bay, and die Pacffic 
Ocean—in ttie summer. The proportion entering the ocean 
varies from year to year. These fish liegin retuming to the delta 
in the fall. 

The distrifoution of fishing effort and catch has changed 
substantially over the yean. Before the late 1950's diere was 
linle fishing in San Frandsco Bay and the Padfie Ocean. Most 
of the catch came from San Pablo and Suisun bays, tiie delta 

and riven upstream. From the fete 1950's to early 1980's, 
however, posl^pawning striped bass generally migrated farther 
downstream and stayed there longer Thus, fishing improved ui 
San Frandsco Bay and the Pacific Ocean and declined in the 
delta Also, the use ofthe Sacramento River as a spawning area 
appeared to have inaeased unproving fbhing there m the 
spring. Now the migrations have shifted upstream again with 
Suisun Bay and die delta providing die bulk of the catch in die 
1980's. WhUe significant environmental changes have oc
cuned data are insuffident to develop conclusions regarding 
causes of ttiese changes in striped bass migrations. 

i 7 l > < | i i | i i l B | o | H l M l a l « i 
;i T] T; n 71 II u fi 17 n 

n u 

Calffomia commereial passenger-canying fishing vessel (CPFV) 
landings of striped bass, 1970-1990. 

Based on feg retums ftom 1 %9-1979, private fooat anglen 
accounted for an average ofabout 65 percent, shore anglen for 
21 percent, and commerdal passenger fishing vessels for 14 
percent ofthe annual striped foass catcti. During aeel checks 
over this same pericxi, prectominantiy in the foay area the 
average length of censused fish ranged ftom afoout 23 inches m 
1979 to 28 mches in 1977. Average catch per hour ranged from 
about 0.1 to 0.3 fish. 

Striped bass are generally caught by bait fishing ortroUuig 
although under some conditions fly fbhing or casting plugs or 
jigs is effeaive. (Tommon dead baib include threadfm shad 
anchovies, cut sardines, sfeghom sculpins (foullheads), gobies 
(mudsucken), shrimp, folood worms, and pile worms. Drift 
fishuig with Uve anchovies or shiner perch b popular ui San 
Frandsco Bay and the Pacific ocean, and live golden shiner 
minnows sometimes are used in the Delta TroUuig methods are 
speciaUzed. Many types of plugs, jigs, and spcxins are used m 
ttolUng, frequently in doufole comfoinations. 

Present fishing reguladons include an 18-inch minunum 
lengdi andadaUyfoag limit of rwofish. From 1956 to 1981,the 
minimum length was 16 mches and the bag limit was duee fish. 
Prior to 1956, regufetions were more Ufoeral. A 12-inch mmi
mum length and five-fish bag Umit generally was in effect 

Exploitation rates have been estimated almost annually 
since 1958, They have varied from mne percent (1989) to 28 
percent (1963) except for an unusually h i ^ 37 percent in 1958 
Exploitation in the Saaamento-San Joaquin Estuary is lower 
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tiian for Atiantic coast stocks which are fished commerdaUy 
and have foeen exploited at rates as high as 50 to 70 percent ofthe 
population annuaUy 

While tiie primary Calffomfe population of striped bass is 
located m tiie Sacramento-San Joaquin Estuary, striped foass 
also have been uittoduced into many other areas mcluding the 
lower Colorado River, several resenoirs, and die Pacific Ocean 
in southem Calffomia ConcUtions are generally not suitafole for 
striped bass spawning in the resenoin or in marine waten off 
southem C^aUfomia, and so those fbheries usually depend on 
maintenance stocking from hatcheries. However, at least two 
resenoir populations, MUlerton and New Hogan, do reproduce 
successfiUly. A striped bass fbheiy also has developed in 
resenoin which are part ofdie Sfete Water Project (SWP) and 
die federal Centtal Valley Projert (CVP). such as San Lub 
Resenoir, O'NeUl Forefoay, and Pyramid and Silverwood lakes. 
These resenoin are uruntentionally stocked foy young tass 
contained in water diverted from the Sacramento-San Joaquin 
Delta and their fisheries have tended to decUne in response to 
the dedine ofthe Sacramento-San Joaquin population 

Striped bass, Morone saxatilis. 

Status of Biological Knowledge 

Adult Striped Bass Abundance. The decUne ofthe striped 
bass fishery in the Sacramento-San Joaquin Estuary tietween 
the early 1960's and the present b a cUrert result ofa substantial 
decline ui the striped foass population. The Calffonua Depart
ment of Fish and Game (CDFG) has measured adult (larger 
than 16 mches, afoout 3 yean old) striped foass alwndance widi 
maik-iecapmre (tagging) popufetion estimates since 1969. 

Accorduig to die estimates, the striped tass popufetion 
rangedfrom afoout 1.4 to 1.8 oiiUion adulb foetween 1969, when 
the estimates foegan, and 1976. Subsequently, abundance has 
declmed to less than one million adults. A combination of much 
greater catches foy the fishety and tag retiuns suggest that the 
striped foass population had about three miUion adults in the 
early 1960 's. The reduaion m the adult stock is prirKipally due 
to reduced recruitment of young fish. 

Spawning and Early Nursery Period. Striped bass foegin 
spawning in the spring when the water temperature reaches 60° 
F. Most spawning occun foetween 61° and 69° F, and the 
spawning period usually extencb from April to mid-June. They 
spawn Ul fresh water where there b moderate to swift cunent 
The seaion of die San Joaquin River foetween the Antioch 
foridge and tiie mouth of die Middle River, togedier witii the 
other channels in the area, b one veiy important spawmng 

ground. Another is the Sacramento Rrver ftom Sacramento to 
Colusa. About one-haff to two-thircb ofthe eggs are spawned in 
the Saaamento River and the remainder in the San Joaquin 
River system Female sttiped bass usually spawn for the first 
time in tiieir fifth year when they are 22 to 25 mches long. Many 
males mamre when tw o yean old and only afoout 11 inches long 
Most males are matiue at age three. 

Stripcn are veiy prolffic. A five-pound five-year-old 
female may spawn as many as 250,000 eggs in one season, and 
a 12- pound dght-year-old fish b capafole of producing over a 
miUion eggs. Some striped foass Uve for more than 20 years; 
these fish may exceed 50 pounds in weight and spawn several 
miUion eggs. Because of this great reproduaive potential 
striped foass were able to estafoUsh a large popufetion within a 
few yean after their inttcxlurtion in (Talffomia 

Striped foass typically spawn in schools at night during 
periocb of warm weather when water temperatures rise. On 
June 9, 1%7, CDFG foiologisb observed several diousand 
striped foass at the surfece along the bank of the Sacramento 
River above Knighb Landing Small groups of from three to sbc 
bass were obsened splashing and churning m the main current 
ofthe river in the art of spawning. At times, five or more groups 
of bass were obsened spawning at one time. Usually a large 
female, was accompanied foy several smaller males. 

During the spawning act, eggs and mUt are released mto 
the water The miU contains microscopic sperm celb which 
penetrate the eggs and cause them to foegin to develop. While 
the eggs are stUi m die female they are only afoout 0.04 inch ui 
(Uameter, fout upon their release they afosoib water and inaease 
to about 0.13 inch in diamrter. At thb time they are. so 
ttansparent that they are virtually invisible. 

Striped bass eggs are ordy slightiy heavier than water, so a 
moderate cunent wiU suspend them whUe they develop. With
out any water movement they sink to the tiottom and cUe. Tlie 
larval bass hatch m afoout two days, although the length of time 
depencb upon the temperature. Development is faster when the 
water b warmer 

The newly hatched bass continue theu development while 
being carried along in the water. At first, the lanal foass subsist 
on their yoUe, liut in about a week they start feeding on tiny 
crustaceans which are just visible to the naked eye. After several 
weeks, they tiegin feeding on opossum sliiimp. At this time they 
generaUy inhabit the delta and Suisun Bay. By late July or 
August the young bass are about two inches long 

Young Striped Bass Abundance. Reduced juvenUe prochic-
tion is the principal cause ofthe aduh striped bass popufetion 
dedme Since 1959, the CDFG has sampled young-of-the-year 
striped foass each summer(except 1966). An extensive suney b 
conducted eveiy second week ftom fete June to late July or early 
August throughout the nuneiy habitat. The fish are measured 
and when dieir mean fork length reaches 1.5 inches, ayoung-
of-tiie-year index b calcufeted on die basb of catch per nrt tow and 
die volume of water m die areas where the fish are caught 

Young-of-the-year sttiped bass abundance has suffered an 
erratic but persistent decUne from high index levels somrtimes 
exceeding 100 in die mid-1960's to die all time low of only 4.3 
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in 1990. From 1959 to 1976, average abundance of young 
striped bass vvas more than three times subsequent levels. 

Substantial effort has gone into evaluating factors control
Ung young striped bass production. Initially (1959-1970), 
annual fluctuations in young foass abuncfence could be ex
plained by a simple model tiased on delta freshwater outflow 
which indicated that young bass produaion was much greater 
uiyean witii high spring-early summer flows than in yean with 
low flows. The mechanism causing the most abundant year 
classes to occur under high flow conditions was unknown. 
However, one potential explanation was that when flows were 
hi gh, a lower percentage ofthe flow to the delta was cUverted tiy 
the combination of major water projects (CVP and SWP) and 
local Delta agriciUmre Hence, under those conditions, fewer 
young bass would be entrained in diverted water and removed 
from the estuary. Other potential explanations for the greater 
abundance in high flowyeanirKhided Ijexpansionof die nuneiy 
area resulting in greater habitJtt avaUabUity and less competition, 
2) higher food production, 3) dUution of toxidty, and 4) reductton 
Ul predatton tosses due to more tuibid conditions. 

In the early 1970's, production of young bass began to faU 
below the levels expected based on the mitial models, and this 
decline was most acute in the delta portion of their nursery. 
Ehiring this period the SWP and CVP substantially increased 
dieir water export from the delta, resulting in greater diversion 
rates being associated with any particular flow. Minimum 
estimates of losses, which do not include fish smaUer than 0,8 
inches, in these water exports were approximately 10-30 mil
lion young striped bass annually. Maximum loss estunates 
approached or exceeded 100 milUon young lass in some years. 
Contrasting these losses with estimates of afoundance at the 1.5 
inch slage ofabout 15-30 miUion fish incUcates that significant 
population impads could tie experted Potential efferts were 
taken into account by developing a new model which consid
ered the delta and Suisun Bay separately and included footh 
outflow and diversion terms in the delta portion ofthe model. 
This model yielded reasonable prediaions of young tass atiun
dance from 195910 1976 and provided adcUUonal evidence that 
losses of young fish to cUversions were an important fedor 
regulating striped bass abundance. 

However, sirKe 1977, the abundance of young striped lass 
has been considerably lower than prediaed liy the 1959-1976 
model. Biologists evaluating thb dedme initially focused on 
four potential e.xplaiiations: OthesmaUeradulttass popufetion 
pioduced fewei eggs; 2) production of food for young striped 
bass has been reduced due to changes in abundance and spedes 
composition of the zooplankton which have occurred from 
unintentional introduction ofexotic zooplankton by ship lal last 
(Usebarges and possibly pardy from unexplained changes in the 
phytoplankton; 3) large numben ofstriped tass eggs and young 
were removed from die estuary with water diverted for agricul
mre, power pfent coolmg, and other uses; and 4) point and 
nonpoint discharges of toxicanb may cause mortaUty of adults, 
reduce their ability to reproduce, or reduce the survival of their 
eggs and young 

An important distindion foetween diesc explanations is 
diat increased losses of young fish to stanation, divenion, and 
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toxidty would cause the survival rate to deaease, whereas the 
reduced egg supply concept does not require a decrease m 
sunival rate—fewer eggs alone would yield fewer fish. 

Statistical testing provided no evidence that survival rates 
differed signfficantiy foefore and after 1977, although survival 
varied armually during both periods. Furthermore, the egg 
supply and young striped bass abundance have decUned sum-
ferly since 1977. Averages compared for I969-I976 widi 1977-
1990 incUcate young striped foass abundance has decUned 67 
percent while tlie egg supply has decUned 60 percent Thus, in 
the opmion of CDFG biologists, the decline in the owning 
stock and egg production is the proximate cause ofthe decUne 
m young striped foass abimdance. The root of the problem, 
however, refetes to the cause of die mitial decUne m the 
spawning stock. A recent evaluation showed that the stocdc 
dedme fegged the high water exports and assocfeted losses of 
young fish in the eariy 1970's by the five- to eight-year uitenal 
appropriate for those losses to have sufostantiaUy reduced egg 
production starting m the late 1970's. 

Fishery Restoration. The CDFG is committed to stafoiliz-
ing, restoring, and tiien improving the striped foass fishery ofthe 
Saaamento-San Joaquin Estuary, with die ofojective of restor
ing a seff-sustaining striped bass population of more tiian three 
million adult fish. Specific actions have included die develop
ment ofa restoration and management plan which defines the 
foUowing problems detrimental to striped tass: delta water 
divenions, reduced delta oudlows, lower San Joaquin River 
flows, water poUution, dredging and spoU disposal, bay-fiU 
projects, Ulegal take, diseases and parasites, an armual spring-
summer die-off, by-catch in the commerdal bay shrimp fishery; 
and acddental inttoductions of exotic aquatic organisms 
tiirough tiie discharge of ship ballast waten. 

Other aaions by die CDFG mclude: 1) testifying about 
water management impacts on striped foass at State Water 
Resources Conttol Board (SWRCB) hearings which wiU srt 
new water quaUty, flow, and water diversion standards for the 
Saaamento-San Joaquin Estuaiy; 2) negotfeting for mitigation 
from the Pacific Gas and Electric Company for losses caused by 
power plant operations and for mitigation from the Califomia 
Department of Water Resources (DWR) and U.S. Bureau of 
Redamation (USBR); 3) increasing smdy effort to improve 
understancUng of processes controlling striped bass abundance 
wilh smdy fimcUng coming from several sources including the 
DWR, USBR SWRCB, Federal Aid to Sport Fish Restoration 
funds, and sales of striped lass stamps required of all striped 
tass anglen; and 4) annual stocking ofseveral million suiped 
tass which have foeen raised in the CDFG's own hatchery or 
purchased from private aquaculturists as the result of negoti
ated mitigation recjuirements or with striped lass stamp fiincb. 

The e.xtent to which the wild striped lass population ofthe 
Saaamento-San Joaquin Estuary b evenmally restored de
pencb ultimately on the degree to which fn'e critical tilings 
happen: I) how well the CDFG ckies its job of descnbing and 
justifying what neecb to tie ctone; 2) how well water develop
ment agencies, water-user groups, and other parties all work 
togedier to solve problems; 3) how well local. State, and Federal 
rcgulatorv agendes establbh conttols and regulations to bcndii 
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aquatic lffe; 4) how well the public, inclucUng angler and 
environmental groups, communicates its interests toaU parties; 
and 5) how well the Legislature is able to develop legislation 
and other aicb to promote fisheiy restoration. 

Donald E. Stevens 
Calffomfe Department ofFish and CJame 
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SMELT 

TRUE SMELTS 

General 
Tme smelts (Osmeridae) are a farmly of small fisties highly 

prized for tiieir delicate flavor. The 12 spedes m the family are 
characteristic of cold coastal estuarine, and fresh waten ofthe 
northern hemisphere where they support both commerdal and 
sport fisheries. They are also important forage fish for marine 
mammals and foucb. as weU as for precfetoiy fishes such as 
salmon and cod. Seven ofthe 12 spedes occur in Calffomia; 
whitdiait smelt Allosmervs elongatus, found ftom San Fran
dsco Bay northward; surf smelt, Hypomesus pretiosus, com
monly known as day smelt, found along most of Calffomia's 
coast but spawnmg only from Santa Cruz northward delta 
smelt, Hypomesus transpacifcus, found only in the upper 
portions of the Sacramento-San Joaquin estuaiy; wagasaki, 
Hypomesus nipponensis, a Japanese freshwater spedes intto
duced into (Zalffomia resenoin; night smelt, Spirinchus 
starksi, found from Pt Arguello, northward; longfin smelt 
Spirinchus thaleichthys, an estuarine spedes found mainly in 
die SaCTamento- San Joaquin estuaiy and Humtwldt Bay; and 
eulachon, Thaleichthys pacificus, an anadromous species 
found mainly in the Klamath River 

The six native smelts have all supported commercial 
fisheries in die past fout probafoly only surf and night smelts 
contrifoute significandy to fisheries today. The combmed fisher
ies are quite large and feUly stable, widi a catch ofabout 0.5 to 
1.3 miUion poundsperyear (1970-1991). In 1989, forexample, 
almost 750,000 pounds of smelt were landed widi a value of 
over $180,000. In addition, there is a large, but largely unre
ported sport fbheiy for surf smelt and night smelt, as well as a 
bait fishay. In contrast, popufetions of ddta smdt, longfin smeh, 
and eulachon have dropped to pomt in Calffomfe where they may 
merit designation as endangered or threatened spedes. 
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Calffomia commeicial landings of aU smelt 1970-1991, 

Uiffortunately, most catch records for smelt have lumped 
species together, so tell UtUe about the relative unportance of 
each spedes m the fbheries. The records of the Calffomfe 
Department of Fbh and Game for I916-I%9 are for "smelt" 
and "whitetait smelt" Their "smelt" mcludes not only suif 
smelt but jacksmelt, topsmelt, and gmnion, aU three of which 
are not smelt at all fout sUvenides (adiermids). After 1969, die 
silverside catch was removed from the "smelt" statistics and 
supposedly all smelt except whitebait and night smelt were 
lun^ied into the category "titie smelt" The whitefoait smelt 
categoiy is supposed to mclude footh whitdait smelt and untU 
1977, night smelt. However, it is unlikely that whitebait smell 
are, in feet, hanested in any numben. Furthermore, "whitebait 
smelt" is usually the only smelt category availafole to fish 
processon who fiU out die required CDFG "pink slips" on 
which catch is recorded Therefore, it is quite Ukely tiiat 
"whitebait smelt" m the fisheries statistics includes aU spedes 
of smelt hanested (tiut mainly surf and night smelt). Ttie 
distinrtionbenveen "whitebait" and "tme" smeh in the statistics 
seems to foe meaningless, and so only the total smelt catch since 
1969 is presented here. 

WHITEBAIT SMELT 

History of the Rshery 

Altiiough afoout haff the commerdal smelt catch is called 
whitebait smelt, die spedes itself is apparentiy uncommon 
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tiiroughout its range or only locaUy afoundant and so it probably 
uifrequenily taken in the fishery. 

Status of Biological Knowledge 

One indication ofthe uncommonness of whitebait smelt is 
that comparatively littie is known afoout its biology. Like other 
smelt they live in large schools and are voracious feeders on 
zoopfenkton. They tend to favror prcxhictive inshore areas and 
bays, where they are presumafoly prey of many other fishes as 
weU as seabirds and mammab. They Ine one to three yean and 
reach lengths of seven inches. Spawning takes place in sandy, 
subtidal areas. 

StatiJS of Population 

This species seems tobe locally afoundant and rarely enten die 
fisheiy. However, we have no idea ff it has been more abundant in 
the past or ff ib populations are stable or not Smelt catches shaU be 
periodically examined for die presence of thb spedes. 

SURF SMELT 

History of tiie Fishery 

The faa dial surf smelt spawn on seleaed beaches at 
predictable times ofthe cfey and year has made them a favorite 
sport fish. The standard A-frame (Up nrt used to catch the smelt 
is a based on one used by Native Americans in the aboriginal 
fishery It consists ofa three- to four-foot long triangle of netting 
wilh poles on two sides and bag at the apex, into which fish can 
be flipped by tUting the net upwards. Beach seines ("jump nets") 
up to 20 feet long (witii mesh sizes of at least 7/8 inch) are also 
legal in the sport fishery, as are cast nets. In 1991, the sport catch 
Umit for smelt was 25 pounds per day, a regulation that has been 
m place for many years. The commercial fishery uses simUar 
techniques to the sport fishery but also catches smelt m purse 
seines on occasion Thb species b probably the dominant 
species in the commercial smelt catch as well as in the sport 
catch. Unfortunately, there are no reifeble records ofthe sport 
catch (it was estimated as 400,000 pouncb, roughly four mUUon 
fish, in 1958) and the commerdal statistics are hopelessly 
mixed with those of other smdt spedes. It b lUeely, however, 
that the commerdal and spoit catches combined average about 
400,000 to 600,000 pounds per year. Surf smelt (and night 
smelt) are sold fresh in the coastal markeb or sold to public 
aquaria to feed fish and marine mammals. 

Status of Biological Knowledge 

Surf smelt are the most widely distributed smelt in Califor
nia but are only common north of San Frandsco Bay. They are 
schooling, plankton-feeding fish that can reach 10 inches in 
length, making diem the largest smelt in California Females 
typically grow the fergest and live the longest (up to five yean), 
while males rarely live longer than three yean. Females are 
mamre, however, in one to two years, produdng 1,300-37,000 
eggs. In Califomia most spawning occun in June through 
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September, in the surf zone of beaches, espedaUy during 
periocb of high tides. The spawning smelt congregate in the surf 
during the day, usuaUy whUe the tide is falUng, The biggest 
congregations ocau w hen high tide is in the late aftemcxin. The 
fertUized eggs adhere to sand and pebbles. The most favoied 
spawning beaches are those made up largely of coarse sand and 
pea-sized gravel with some freshwater seepage. During peri
ods of heavy spawning, some beaches are UteraUy coated witii 
eggs. The eggs hatch in two to three weeks. Littie b known 
afoout theu larval Ufe or ofthe habits of juvenUe and adults ui the 
ocean environment. They presmnafoly spend their Uves m 
waten close to shore, however, as smdt are a common foycatch 
in the shrimp fishery. 

Surf smell, Hypomesus pretiosus. 

Status of Population 

While the fishety for surf smelt (and for night smelt) seems 
to be stable, the fishery b in faa poorly regufeted and moni
tored Given their short lffe cycle, excessive fishing could cause 
smelt populations to plummrt in just two or three years. Heavy 
reaeational use ofthe beaches may also compact graveb and 
crush recentiy spawned eggs. It is also possible tiiat the develop
ing eggs may depend on water percofeting through the graveb 
from above, so alterations of inflowing streams oi fegoons may 
affea the suiiabUity ofthe spawning hafoitat for egg sunival. 

DELTA SMELT 

History of the Rshery 

In the ninrteenlh century; Ddta smdt and tongfin smeh were 
the objea ofa commercial fisheiy that suppUed markets in San 
Francisco. Much of lhe maikrt seems to have been for dned fish for 
tiie Chinese community and most ofthe fisheimen were Chinese, 

Status of Biotogical Knowledge 

Delta smeh are unusual in that they are endcimc to the 
Saaamento-San Joaquin estuaiy, with one ofthe most limited 
distnbutions of any fish species. The spedes was fairb alwn-
dant tn die estuaiy until ib population colfepsed in the l'«<0$. 
.Altiiough a number of facton profoably conttibuted lo the 
decline of die smeU population, die single most important fattoJ 
seems to have been an inCTease in the amount of (mh *Ma 
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foeuig diverted from tiie upper estuary (the Ddta) in the spring, 
when the smelt are spawning. This not only diverted lanal 
smelt out of the estuaiy but reduced the amount of habitat 
avaifeble for larval rearing 

Delta smelt are small rarely exceeding three inches in 
length and rarely IKing longer than one year. They feed 
primarUy on copepocb and Uve primarily upstteam of the 
estuarine mixing zone, in salmities of less than 10 parts per 
thousand. In winter they gradually move upstteam to spawning 
areas in the freshwater portions of the estuary, where they 
spawn mainly m March and April. Each female produces 
1,400-2,800 eggs. 

Status of Population 

After the fisheiy was abandoned delta smeh were largely 
ignored untU it was reaUzed that the spedes was foecoming so 
scarce that it was a potential cancUcfete for Usting as an 
endangered species. It has been recommended for Usting as a 
threatened species foy the US Fish and WildUfe Service in 1991. 
The short lffe histoty and low fecundity make Delta smelt 
exceptionally viUnerable to changes in the estuary and contriti-
ute to its precarious stams. 

NIGHT SMELT 

History of the Fishery 
Night smelt are also taken in numben, footh in the commer

dal and sport fisheries, m much the same ways as surf smelt 
Because of smaller size and noctumal habits, they are pre
sumably taken in lesser numben than surf smelt, but the 
statistics are uncertain. Like surf smelt, tught smelt are caught 
mainly with A-frame dip neb. Most are caught in area around 
Eureka, which accounts for afoout 70 percent of aU commeidai 
smelt landings. The smelt are either sold for consumption as 
fresh fish or shipped to oceanaria for consumption by fish, birds, 
and mammals. 

Status of Biotogical Knowledge 
Like siuf smelt, night smelt are schooUng, plankton-

feecUng fish that are important prey for other fishes as well as 
marine mammals and birds. They rarely exceed six inches in 
length or three yean in age. 

Spawning has foeen recorded from Januaiy through Sep
tember on die same beaches as those used by siuf smelt. Much 
of the spawning takes place eariier in the season dian the 
spawning of surf smelt; so it is Ukely that most ofthe smelt catch 
before June is night smelt, with surf smelt the prectominant 
species in the summer. However, both species have been 
obsened usmg die same beaches on the same cfey, witii night 
smelt spawning at night and suif smelt spawning during the 
day Peaks of spawning occur between dusk and midnight on 
outgoing tides, although night smdt spawning seems much less 
tied to tidal height than b the spawning of surf smelt A 
distinguishing feamre of night smelt spawning aggregations is 
the prevalence of males close to shore (and in the shore fisherv) 
The male to female ratio early in the season is eight-to-one. but 

by the end ofthe season it b nearly 100-to-one. The ratio is close 
to one to one in offshore catches of smelt Females apparently 
spawn repeatedly during the season, dashing in to release their 
eggs among aowds of eager males. The fertiUzed eggs stick to 
the gravel and hatch in afoout two weeks. 

LONGFIN SMELT 

Histoty of the Fistiety 

Longfin smelt were once hanested along with Delta smelt 
in the Chinese fisheiy fout were sutisequently ignored 

Status of Biokjgicai Knowledge 
Longfin smeh are primarily an estuarine spedes and seem 

to have two main populations in Calffomia, one the Sacra
mento-San Joaquin esmary (including San Francisco Bay) and 
one in Humfooldt Bay. The southem popufetion was once 
recognized as a dbtinrt spedes (Sacramento smelt) and may 
still desene recogmtion as such. Litde is known about the 
Humfooldt Bay popufetion, fout it appean to foe small. 

The Sacramento-San Joaquin population is widely distrib
uted in brackish parts of the estuaiy, where juveniles feed on 
copepocb and adulb feed on mysid shrimp. Longfm smelt Uve 
up to three yean and reach lengths of six inches, but most 
spawning adults are around four uiches. Spawnmg takes pfece 
m the freshwater portions ofthe estuaiy from February through 
April and the lan-ae apparentiy concentrate in the mixing zone. 
The abundance of longfin smelt like that of striped bass, b 
strongly tied to the amount of freshwater outflow flowing 
through the estuaiy in the spring. 

Status of Population 
In recent yean, numfoen of longfin smelt have declmed 

alarmingly and they have foecome rather scarce. Their dedme b 
associated widi diat of other spedes with strong ties to freshwater 
outflows; so it b most Ukely csoised t^ the increase m drverstons of 
fiieshwater from the estuary during the same period 

EULACHON 

Histcxy of the Rshery 
Eufechon b abo known as candlefbh, foecause they are so 

oily that Native Americans once dried them to bum Uke 
candles. They are highly prized as a food fish, foeing considered 
one of the tastiest of the smelts. UntU the mid 1970's or so, 
eufechon su^xirteda fairiy consistent river sport dipnrt fishery, 
as well as a dipnrt fbhery Ijy Native Americans. The commer
dal catch in Calffomfe has apparently never been large (al
lhough statistics are fecking) but eufechon are important 
commercially in Britbh Columbia 

Status of Biotogtoai Knowledge 
In Calffomia, they are found along the coast as far south as 

Monterey Bay and seem to prefer die outer continental sheff. 
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where diey school at depths of 150-750 feet They reach a length 
of up to four inches on a dirt of zooplankton, and reach mamrity 
in two to three yean. Tliey can foe important food for predatory 
marine animals, iiKluding salmon and sturgeon, espedally 
when they move mto tays on their way to spawn in fresh water 
The prindpal spawning run in Calffomia b in the Klamath 
River, but rans have also been recorded from tiie Mad River and 
Redwood Creek to the south. They spawn in gravelly riffles 
close to the stream mouths, rardy ascencUng more than six-seven 
nules. Most eulachon die after spawning, but a few apparentiy Uve 
tospawnasecond time. Each female feys about2S,000eggswhx:h 
stick to die gravd and hatch in two to diree weeks. 

Status of Population 

In recent yean, eulachon numben seem to have declined 
drastically; so they are now rare or absent from the Mad River 
aixl Redwood Creek and scarce in die Klamath River However, 
the eulachon and ib fisheiy have been largely ignored in the past, 
and so we do not known ifthe fish are at a low point m a namral 
popufeticxi cyde or ff Uiey have foeen reduced by hunian related 
faaon The eulachon popufetions in Calffonua need investiga
tion to see ff the fisheiy for this fascinating fish can be restored. 

Discussion 

CaUfonua smelt provide examples at two encb of the 
spectnun of Calffomfe fisheries. At one end are the surf smelt 
and night smelt, which togrther support a fairly constant sport 
and commerdal fishery. The fishery is one of the largest ui 
C^fomfe in terms of numfoen and pouncb of fish caught, 
although its value is refetiveiy tow. It is also one afoout which 
surprisingly UtUe is known and could conceivably decline or 
collapse from a combination of overexploitation and alterations 
to tiie 19-20 prindpal spawning beaches, which are receiving 
inaeasingly heavy reaeational use. At the other end of the 
fisheries spectram are eulachon, longfin smelt, and Delta smelt, 
all species which once supported fisheries but that are now in 
such low numben they may qualify for endangered spedes 
status. These three species require fiesh water for spawning and 
their declines are probably aU related to alterations of the 
spawning and rearing habitab. It is clear that we need to know 
much more about aU of Calffomfe's smelt, so that they can foe 
managed for fisheries of the fiiture and to maintain theur 
unportant roles ui coastal and estuarine food webs. 

Peter B. Moyle 
University of Calffomfe 
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SILVERSIDES 

There are three spedes of sUversides (family Atiierinidae) 
Ul Calffomia ocean waten, the grunion (Leuresthes tenuis), the 
topsmelt (Atherinops affinis), and die jacksmelt (Atherinopsis 
califomiensis). Information on grunion b presented m a separate 
section Even though "smeh" is included m the common namesof 
tiiese spedes, silversides differ m part firom One smehs (femily 
Osmeridae) m having two dorsal fins (one with spuies), whUe the 
trae snelb have one ctorsal fin and an adipose fin near the taU. 

History of the Fishiery 

Silversides are maikrted fresh for consumption or bait 
The commercial fishery for silversides has been conducted widi 
giU nets, lampara nets, and round haul nets. HistoricaUy, srt 
Unes have been used in San Frandsco Bay for jacksmelt and 
during the 1920's beach nets, pulled ashore by horses, were used 
at Newport Beach. Commerdal catches of jacksmeU have 
varied sharply over the past 70 yean. The high year for tius 
fishery was 1945, when over two miUion pouncb were taken. 
During die I980's, the catch varied between 88,770 pounds in 
1982 to 4,902 pounds m 1986, witii most ofdie catch being 
landed in the Los Angeles area. This b an occasional or 
inddental fishery, and fluctuations obsened in catch records 
reflea demand not true atiundance. Principal commerdal 
fishing areas are usuaUy in harbon and tays such as San Pedro, 
Monterey, San Frandsco, Tomales, and Humboldt Commer
dal catches of topsmelt are not as large as those of jacksmelt 
foecause of the smaUer size and more scattered distrifoution of 
topsmelt. There are no commerdal or sport foag and possession 
Umits on these two species. 

California commeicial landing! of jackandt and lopsndt, 1976-1991. 

Jacksmelt and topsmelt make up a significant portion of 
the pier and shore catch throughout Calffomia and priv ate boat 
anglen fishing near shore catch them occasionally. During 
1958 to 1961 these two spedes comprised about 10 percent of 
the total hook-and-Une sport catch by numben (272,000 jacks
melt and 43,000 topsmelt) m central and northem Calffonua 
These arc among the most afoundant fishes avaifeble to pia and 
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shore anglers and represent a very important reaeational 
fishery, espedally for chUdren When taken wilh Ught fishing 
gear, they are easy lo catch and exceUent fighters. 

Jacksmelt are caught liy a variety of sport fishing metiiods, 
A siring of haff- a-dozenforight red artfficial fUes or smaU hooks 
tailed with shrimp or squid b the most successftU terminal 
tackle used by pier anglen. Single liaited hooks are also used 
from pien and by shore and skiff anglers. The larger jacksmelt 
b quite a game fish and will take a small spinner or lure cast out 
and retrieved with a series of ciuick jerks. Young jacksmeU and 
topsmelt are quickly attraaed with bread crumb chum thrown 
mto the water A rapid feeding activity takes pfece, making it 
easier to catch fish attraaed to the chum. 

Topsmelt Atherinops affinis. 

Status of Biotogical Knowledge 

Topsmelt range from the Straib of Juan de Fuca, British 
Columbia to the Guff of CaUfomfe. They attain a total length of 
14.5 inches, fout individuab in sport catches are usuaUy six to 
eight inches in length. There are seven sutispedes of topsmelt, 
three of which are in CaUfomia These numerous sutispedes 
demonsttate varied foehavior and reflert the different environ
ments occupied foy this spedes: kelp foecb, hartxir areas, and 
sandy foeach areas. They usuaUy form loose schoob but wiU 
congregate when feeding. 

Topsmelt grow about 2.5 to four inches the first year, gain 
another two inches the next year, and grow prc^rtionaUy less 
each year untU they reach maximum size of about 14 inches. 
The largest topsmelt that has foeen aged was seven or dght yean 
old. Some topsmelt spawn foy their second year fout most reach 
mamrity during their tlurd year. Tbe spawning period is from 
May to July. Thb spedes atfeches its eggs m a mass on eelgrass 
and low growing algae in haitxin and tays, and possifoly on 
kelp. The egg mass from each female is intertwined to the 
sufosuate by fine stting-IOce filamenb attached to each egg. 

The focxi of topsmelt consisb primarily of plankton spedes 
including crustaceans. Intertidal inhabitanb eat algae and fly 
lanae, as weU as cnistaceans. Bay forms have been obsened 
working along muddy bottoms for food items. Topsmelt have 
the abUity to witiistand high salinity concentrations. They have 
been known to live in salt poncb with saUnities as great as 1.5 
times diat of open cx:ean water 

Topsmelt are a very important species in bay and neanhore 
ecosystems in soutiiem Calffbmfe. CoUections of fishes foy 
tieach seme in bays are almost always numerically predominat
ed by young topsmelt Young-of-the-year topsmelt were found 
to contribute 85 percent ofdie total annual fish produrtion in t hc 

shallow water areas of upper Newport Bay Topsmelt have been 
shown to foe the most ubiquitous and numericaUy abundant fish 
species m sufomarine meadows of surfgrass on the open coast 
They are one of ttie five primary spedes brought to the breecUng 
colonies ofthe least tem, an endangered seabud 

Jacksmelt form dense and larger schoob dian topsmelt and 
range over much of die inshore area of Calffomia The geo
graphic rangeis from YaquinaBay, Oregon to SantaMaria Bay. 
Baja Calffomfe. Thb species attains a length of 22 inches, with 
17-iiich fish commonly taken Jacksmelt are refetiveiy fast 
growing, reaching 4.5 to five inches in the first year and up to 
eight inches during the second year. The oldest aged jacksmelt, 
a 16-inch male, was 11 yean old. The spawning season b 
during winter ftom October to April. Large masses of eggs, 
atxMit the size of smaU BB's, are attached to eel grass and algae 
by means of long filamenb. Pinkish egg masses have been 
obsened along with herring eggs during winter montiis in 
EUchqm Slough. 

The lanae and young are dbtributed near ttie suiface m 
tiaifoors, along sandy beaches, and in the kelp canopy. Their 
food hafoits are not weU known, fout it can be assumed that fish 
as fast as jacksmelt, that reacUly take a moving lure, are 
predatory animals. Small fish as weU as crustaceans make up 
part of their cUet 

The species is not desued by some sport anglers foecause of 
the presence of refetiveiy large sized worms in the flesh. These 
are an intermedfete stage of a spiny-head woim that is thought 
to be a parasite in sharks and peUcans. It probably is harmless to 
man, and defimtely b harmless when the flesh is cooked 

Status of Population 

Stock sizes ofthese two spedes have not been determined 
At present, there are no indications that topsmelt or jacksmelt 
are foeuig overfbhed in Calffonua However, as these speaes 
occur in inshore waters, they are apt to tie affected by poUutants 
and loss of hafoitat through development 

Paul A Gregory 
Calffomfe Department ofFish and Game 
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GRUNION 

History of the Fishery 

The commerdal use of grunion (Leuresthes tenuis) b very 
Umited dus spedes foiming a minor portion ofthe commerdal 
"smelt" catch. Grunion are taken mcidentaUy in liait neb and 
other round haul nets, and Umited quantities are used as Uve 
foait. In recent yean, no commercial landings have foeen re
ported. However, siaofr g n m i o i n a B ^ ai»4aiatt vmih elfaer 
small fish and are not separated out, catcfa records would not 
show any lancUngs. 

The grunion's principal value b as the object ofa unique 
reaeational fishery. These fbh are famous for their spawning 
habib, which are so remarkable as to arouse an "I don't believe 
it" response from a person hearing about them for the first time. 
They are subjects of widespread popular interest, bringing 
thousands of people to foeaches during night high tides in spri ng 
and summer months to catch the fbh orjust to ofosene them. 
Grunion hunting has become one of the famous sports of 
southem Calffomfe. As the fish leave the water to deposit theu 
eggs, they may foe picked up whUe they are foriefly stranded 
Radng for fish spotted far down the tieach and clutching for the 
small bits of slippeiy, wriggUng energy provide an exhilarating 
time for young and old alike. The attraction provided by 
grunion can ordy tie realized when one sees the numfoen of 
people luting the more popular beaches in the Los Angeles area 
on the night of a precUrted ran. Often there seem to foe more 
people than fish, fout at other times everyone catches fish. 

Status of Biotogical Knowledge 

Grunion are memfoers of the silversides family, 
Adierirudae, along with die jacksmelt and topsmelt They nor
maUy occur ftom Pomt Conception, Calffomia, to Point Abreojos, 
Baja Calffonua They are found more rarely firom Monterey B ^ 
on the north to San Juanico Bay. Baja Calffomia, on the south. 
They inhabit the neanhore waten from the suif to a depth of 60 
feet Maridng experiments indicate that they are nonitiigratoiy. 

Grunion spawn at night on the beach, from two to six 
nighb after die fuU and new moon, beginning a UtUe after high 
tide and continuing for several houn. As a wave breaks on the 
beach, the gnmion swim as far up the slope as possifole The 
female arches her body, keeping her head up, and excavates the 
semifluid sand with tier tad. As her tail sinks, the female twisb 
her body and cUgs tail fust untU she b fouried up to her peaoral 
fins. After the female is in the nest, up to eight males attempt to 
mate with her foy curving around the female and releasing their 
milt as she deposits her eggs about four inches foelow the 
suiface After spawning, the males immedfetely retreat toward 
the ocean The mih flows down the female's txxly until it 
reaches the eggs and fertilizes them The female twisb free and 

retiuns to the sea with the next wave. The whole event can 
happen in 30 seconds, fout some fish remain on die beach for 
several minutes. 

Spawning may continue from March through August, witii 
possibly an occasional extension mto Febmaiy and September 
However, peak spawning is from fete March through early June. 
Once mature, an individual may spawn during successive 
spawning periods at about 15-day mtenals. Most females 
spawn about six times during the season Counb of maturing 
ova to be laid at one spawning ranged firom afoout 1,600 to about 
3,600, with the larger females produdng more eggs. 

The eggs incubate a few inches deep in the sand above the 
level of subsequent waves. They are not immersed in sea water, 
fout are kept moist tiy the residual water in the sand While 
incufoating, they are subjert to precfetion liy shore birds and 
sand-dweUing invertebrates. Under noimal concUtions, they do 
not have an opportunity to hatch until the next tide series high 
enough to reach them, in 10 or more days. Most ofdie eggs wiU 
hatch in 10 days ff provided with the sea water and agitation of 
the rising suif, which prob^ly uiggen the release ofa hatching 
enzyme that softens die covering ofdie egg. One can witness die 
spectacle of gnmion eggs hatching ff you gather a cluster of 
eggs after a grunion ran, keep them in a loosely covered 
container of damp sand in a cool spot. After 10 to 15 days, pfece' 
some in ajar of sea water shaken briefly, and they wiU hatch 
before your eyes in a few minutes. 

Giunion reach an average total length of five to six inches 
widi a maximum ofabout seven mches. Average body lengths 
for males and females respectively are 4.5 and 5.0 inches at the 
end of one year, 5.5 and 5.8 uiches at the end of two years, and 
5.9 to 6.3 inches at the end of three yean. Grunion mature and 
spawn at die end of the first year. After this, growth slows and tiieir 
numfoen decUne rapidly. Only a few reach four yean cf age. 

Grunion focxl hafoib are not known. They have no teeth, so 
they are piesumed to feed on veiy small organbms. Man, largei 
fish, and other animals prey upon grunion An isopod two 
species of flies, sand worms, and a foeede have foeen found 
preying on the eggs. The reduction of spawning habitat due to 
foeach erosion, harfoor construction, and poUuUon is probably 
the most critical problem fedng the giunion resource. 

Status of Population 

Despite local concentrations, the gnmion b not an abun
dant spedes. In the 1920's the fisheiy was showing definite 
signs of depletion, and a regulation was passed in 1927 eslab-
Ushing a dosed season of three months, April through June 
Thefisheiy improved and in 1947 die closure was shortened to 
April through May. Gnmion may be taken foy sport fishen using 
dieir hands only Widi these regufetions, die resource seems to 
be maintairung itseff at a fairly constant level. While die 
population size b not known, aU research poinb to a rather 
resuxted resource diat b adequatdy harvested under e.xisting few. 

Paul A. Gregoty 
Calffomfe Department of Fbh and Ciame 
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SMELT DISCUSSION 

WhUe the fishes m this group are quite simUar in appear
ance, they belong to two different famUies, Osmeridae (die utie 
smelt) and Atherinidae (the sUvenides). The smelt resources of 
Calffomia coUectively provide an annual income of approxi
mately $ 140,000 (1977-86) to die conunerdal fishen. They are 
also the objea of several very important sport fisheries. The 
grunion fbhery is quite uiuque since fishen may use only their 
hands to capture tiie fish. The smelt sport fishery in centtal and 
northem Calffomfe is one ofthe few sport fisheries in the Slate 
m which it b peimissible to use a net 

There is no apparent competition or intenefetionship 
between die various species of smelt other than tiiat die young of 
one species may fall prey uiddentaUy to an adult of another 
species Uving in the same area Fishes in this groupundoubtedly 
form important links in the food chain of larger precfetory fish, 
mammals, and birds. 

Fishes composing this group occur in bays, estuaries, and 
mshore areas along the outer coast Beach erosion, bay fill, and 
pollution may have deleterious effects on their spawning areas, 
general habitat, and popufetions. 

Paul A. Gregory 
Calffomfe Department of Fbh and Game 

Anchovy hanested by the live bait fisheiy are not landed 
but kept alive for sale to anglers as bait. Transactions between 
buyen and seUers of Uve bait take place either at sea or at bait 
weUs tied up at docks. Live-bait dealers generally supply bait to 
partytxab on a contrart basis and receive a percentage of the 
fees paid foy passengen. Bait b also sold foy die "scoop" to 
anglere in private vessels. 

Anchovy fended by the non-rechiction (otherthan Uve bait) 
fishery are used as dead frozen bait, ftesh fbh for hunian 
consumption, canned fbh for human consumption, animal 
food and anchovy paste. 

ReUable records of Calffomia landuigs of northem an
chovy date from 1916. Landings were small until scarcity of 
Pacific sardine caused processon to begin canning anchovies in 
quantity during 1947, when landingsincreasedto9,464 tons. In 
order to lower the quantity of anchovies being reduced to fish 
meal, the Calffomia Fbh and Game Commission recjuired each 
processor to can a large proportion ofthe harvest (40-60 percent 
dependmg on can size). Anchovy landings declmed widi the 
temporary resurgence of sarduie landings through 1951. Fol
lowing the collapse of the sardme fishery in 1952, anchovy 
landuigs maeased to 42,889 tons in 1953, but subsequently 
decimal largely due to low consumer demand for canned 
anchovy and increased sardine lancUngs. Landings remained 
low tiirough 1964. During the early yean of die anchovy 
fisheries (1916-1964), anchovy were hanested almost exclu
sively foy Calffomia fishennen Mexico did not foegin hanest-
mg anchovy untU 1962. 

Calffcmia commercial landings of northem anchovy, 1916-1969. 

PELAGIC WETFISH 

NORTHERN ANCHOVY 

History of the Rshery 
Northem anchovy (Engraulis mordax) axe exploited by 

duee separate fisheries in footh CMfomfe and Mexico. Anchovy 
fended by the rechiction fisheiy are converted to meal oil and 
soluble protdn products that are sold mainly as protein supple
ments for poultry food tiut also as feed for farm«l fish and other 
animab. Meal obtained firom anchovy b afoout 65 percent prolan 
compared to about 50-55 percent for meal from other fishes Calffomia commercial landuigs of northern anchovy, 1970-1991 
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BeginnUig m 1965, tiie Calffomfe Fbh and Game Com
mission managed anchovy on the basb of a it^uction cjuota 
This quota has been taken by a fleet of approximately forty smaU 
purse seme vessels known collectively as the "wetfish" fleet 
which fishes for other spedes in adcUtion to anchovy. Anchovy 
landed for reduction in CaUfonua inaeased from 171 tons m 
1965 to 27,330 tons m 1966, and ranged from 13,786 to 92,893 
tons per year durmg 1966-1972, and firom 80,855 to 155,966 
tons per year during 1973-1977, In response toadecreaseui the 
price of fish meal landings dedined to an annual average of 
51,223 tons during 1979-1982. Reduction landings have been 
exttemely low since 1983, largely as a result of tow prices 
offered to fisherman 

The non-reduction flert m recent yean has consisted of 
about eighteen boab that are distrifouted along the Calffonua 
coast to sene die principal sport fishmg markets, mosdy ui 
southem Calffomia 

1*77 7« n II a a I 

Although the northem anchovy b hanested by fisheries in 
Mexican as weU as U.S. waten, there is no foUateral man
agement agreement with Mexico. In the afosence of such an 
agreement, fishery maragen m the U.S. assume that U.S. 
fisheiman are entitied to 70 percent ofthe total optimum yield 
and quotas are set on thb foasb. The assumption is based on an 
estimate that 70 percent of die shared northem anchovy re
source is, on average, found in U. S. waten. The Mexkan fishery b 
managed independentiy and b not restricted by a quota 

Economics explain a great deal about the current dynamics 
of anchovy fisheries in Calffomia, because the fisheries are 
more lunited by prices and markeb dian foy foiological con-
strainb. The price paid to fbherman for anchovy landed as Uve 
bait has foeen about $618 per ton On this foasb, revenues m the 
Uve foait fisheiy during 1989 were afoout $3.1 miUion. Aldiough 
prices and revenues for Uve bait tend to foe suiprisingly high, 
annual catches have been modest because of maikrt lunitations. 

During 1980 to 1988, the price paid for anchovy landed 
for non-reduction puiposes other than live bait averaged afoout 
S261 per ton. As with Uve foait market limitations have 
resulted in modest atmual catches despite refetiveiy high 
prices paid to fishermen. 

The average price for anchovy landed foy the U. S. reduction 
fishery during 1974 to 1988 was afoout $55 per ton, butthe price 
paid during 1988 was only S29 per ton. Low prices, as well as 
market problems, have prevented a significant U.S. reduction 
fishery in recent yean. 

Calffomia landings of northem anchovy for live bait, 1977-1991. 

The Uve bait fooats fish for a variety of species, fout 
anchovies comprise ai^roximately 85 percent of the catch. 
HistoricaUy, the anchovy Uve bait catoh ranged from 4,000 to 
8,000 tons per year and averaged 5,748 tons annuaUy in recent 
yean. Non-reduction (other than for live bait) landings aver
aged about 2,189 tons per year from 1965 to 1989 and since 
1985, have exceeded redurtion landings in Calffomfe foecause 
ofa major dedme in the reduction fisheiy. 

Anchovy landed in Mexico are used primarily for rechic
tion, although a small amount is used as foait Mexico's harvest
ing and processmg capacity mcreased signifkandy in the fete 
1970 's when sevaal large seinen were added to the fishing flert 
and a large rechiction plant was constructed in Ensenada Mexican 
landuigs reached a high crf° 284,975 tons m 1981, fdl to 196,078 
tons in 1982, and have ranged firom 87,024 to 136.594 tons per 
year since 1983. The fisheiy ceased operation in 1991. 

The U.S. northem anchovy fisheries have foeen managed 
foy the Pacific Fisheiy Management CouncU since 1978. Cur
rent regulations unpose no numeric Umit on Uve bait catch and 
provide a 7,711 ton quota for other non-reduction uses. The 
regufetions also specify an optimum yield for the reductton 
fishery ranging fromzero to 220,000 tons depending on die size 
ofthe spawning population. 

FISH RESOURCES 82 

Northem anchovy, Engraulis mordax. 

Status of Biotogical Knowledge 

Northem anchovy are distributed from die (Jueen Char
lotte bfends, Britbh Columbia to Magdalena Bay, Baja Cali
fomfe. The population is divided into northern, central and 
southem subpopulations or stocks. The central subpopufetion 
ranges from approximately San Francisco, CaUfoniia to Punta 
Baja, Baja California, with the bulk tieing located ui die 
Southem Calffomia Bight 

Northem anchovies are smaU, short-lived fish typically 
found m schools near the surfece. They rarely exceed four yean 
of age and seven inches total length, although incUviduals as old 
as seven yean and nine inches have been recorded There is a 
great deal of regional variation in age composition (numfoei of 
fish in each age group) and size at age with older fish and larger 
fish found at relatively offshore and northeriy locations. In 
warm yean refetiveiy old and large fish are found farther north 
dian during cool yean. These patterns are probafoly due to 
northem and ofishore nugration of large fish, regional differ
ences in growth rate, and water temperatures. Northem ancho
vies in the centtal sufopopulation are typicaUy found in waters 
dial range from 54° to 71° F. 
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Information afoout changes in anchovy afouncfence during 
1780 to 1970 b avaifeble from scales counted in sediment cores 
from the Santa Barfoara basm. These data indicate significant 
anchovy populations existed throughout the time period and 
diat biomass leveb during the fete 1960's were modest refetive 
to those during most ofthe I9th and early 20th centuries. 

The age at which northem anchovy become vulnerable to 
CaUfomfe fisheries depends on the IcxaUon ofthe fisheiy and 
type of fisheiy. Fbh become vulnerable to the inshore live foait 
fisheiy at an earUer age than they tiecome vulnerable to the 
redurtion fbheiy. However substantial numfoen of zero and one 
year old fish are taken foy both fisheries in most yean. 

Anchovy are aU sexually mature at age two. The fi:artion of 
one-year-olds that is sexuaUy mature in a given year depends on 
water temperature and has been obsened to range from 47 to 
100 percent They spawn during evciy month of the year fout 
spawning inaeases during fete winter and early spring and 
peaks during Fefomaiy to AprU. Spawning has foeen obsened 
over a temperattue range of 54° to 7l°F. Individual females 
^awn batches of eggs throughout the spawning season at 
inlervab as short as seven to ten days. The eggs are found near die 
surface, and require two to four days to hatch, depending on water 
temperamres. Eggs and larvae are both found near the surface. 

Northern anchovy are subjed to intense predation 
throughout all Ufe stages. Anchovy eggs and lanae faU prey to 
an assortment of invertebrate and vertebrate planktivores. As 
juvemles in nearshore areas, anchovies are vulnerable to a 
variety of precfetors, induding bircb and some reaeationaUy 
and commercially unportant spedes of fbh. As adulb offshore, 
anchovies are fed upon by numerous marine fishes (some of 
which have reaeational and commercial value), mammals, and 
birds, including the endangered Calffomfe brown peUcan. A 
Unk between brown pelican breeding success and anchovy 
abundance has been cioemmented 

Northem anchovy eat plankton either by filter feedmg or 
biting, depending on size ofdie food Adult anchovy are known 
to filter anchovy eggs and it b possible that thb type of caimibaUsm 
is an important feaor m regulating popufetion size. 

Status of Population 
Biomass of northern anchovy in the central subpopufetion 

averaged 440,000 tons during 1964 to 1970. inaeased rapidly 
to 2,029,000 tons in 1974 and Uien decUned to 543,000 tons in 
1978. Since 1978, biomass leveb have tended to decUne slowly 
Anchovy biomass during 1989 was 338.000 tons. 

Maidmum sustained yield of northern anchovy in the 
central subpopufetion b estimated to be about 241,000 tons per 
year at a total biomass level ofabout 646,000 tons. However dib 
hanest b a tong-term average, and annual fluctuations are large. 

Altiiough total anchovy hanesb and exploitation rates 
since 1983 have been tielow the theoretical levels formaximum 
sustained yield and historical leveb, abundance continues to 
decline slowly Annual harvests in the near fiimre are experted 
to be lower because the Mexican reduction fisheiy has report
edly become unprofitable and has ceased operations. The size of 

the anchovy resource b now bemg determined mostiy by 
natural influences. 

Lawrence D. Jacobson 
National Marine Fisheries Service 
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PACIFIC SARDINE 

History of the Fishery 
A sustained fishety for Pacific sarcUnes (Sardinops sagax) 

first developed in response to the demand for food during World 
War I. Demand grew, and fishing effort and landings increased 
from 1916 to 1936, when die catch peaked at over 700,000 tons. 
The Pacific sardine supported the largest fisheiy in the westem 
hemisphere duringthe 1930'sand 1940's, with landings occur
ring in British Columbia, Washington, Oregon, and Calffomia 
The fisheiy colfepsed beginning in the late 1940's and decUned 
with short term reversals, to less than 1,000 tons per year in the 
fete 1960's. There was a southward shift in the catch as the 
fishery decreased with landings ceasing in the northwest m the 
1947-1948 season and in San Francisco in 1951-1952. 
Tturough the 1945-1946 season, most Calffomia landings were 
at Monterey and San Frandsco, fout San Pedro accounted for 
most subsecpient landings. 

Sardines were used primarily for reduction to fish meal and 
oil and canned for human consumption, with smaU cfuantities 
taken for live bait Although most fish landed north of Cali
fomfe were reduced Calffomia processon foegan as canners, 
and expanded to reduction as a lucrative supplement. Reduction 
was often more profitable, and for many yean reducuon ton
nage exceeded tonnage canned An exttemely lucrative dead 
bait market for sardines developed m central Calffomia ui die 
1960's and was primarily responsible for condnued fishing on 
the depleted resource. 

Prior to 1967, maragement of the sardine resource ut 
Califomfe was mosdy Umited to: 1) conttol of toimage of whole 
fish used for reduction, 2) case pack requiremenb (specified 
number of cases of canned fish per ton of whole fish), and 3) 
rcstnaion of die fishing season. The fust two conttols were 
intended to lower die quantity of sardmes used for reductioa 
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since thb was regarded as a less desirable use and demand for 
reduaion products was high. The latter conttol was designed to 
Umit carming to periocb when sardines were in prime condition 
and to improve the market for canned produas. The total catch, 
however, was not regulated. From 1967 to 1973, CaUfoniia 
landings of saidines were Umited to an inddental lake of 15 
percent sardines by weight mixed with other fish. Liberal 
provisions for use of inddental catch, and feter a 250-ton dead 
bait quota, stiU suppUed the demand for bait In 1974, a 
moratorium on fishing sardines was estabUshed which re
striaed landings to the 15 percent incidental lunit and eluni-
nated the use of sardines for dead foait Thb legislation also 
estabUshed the state's intent to rehabUitate the resource. 
Through 1981,sardine landings were less than 50 tons peryear. 

Since the early 1980's, sardines have foeen taken inci
dentally in the southem Calffomfe fishery for Pacffic and jack 
mackerel. Most sardines from this source were canned for pet 
focxl, with a lesser amount canned for human consumpiion. A 
small direaed fishery for sardines has been permitted annually 
since 1986. The quota (excluding tail fisheries) was limiied to 
1 ,(X)0 tons per year from 1986 through 1990, and was increased 
to 8,150 tons in 1991. Sardines landed in the directed fisheries 
Ul soulhem and central Califorrua are primarily caruicd for 
human consumption and sold overseas, with minor amounts 
sold fresh for human consumption and animal food. Small 
quantities are hanested for dead foait and live bait No reduction 
of sardines, except of waste produced from other processing 
operations, is currentiy taking place in Calffomia Total armual 
landings of sarcUnes have increased from less than 100 tons ui die 
1970's and early 1980's, to 1,283 tons in 1986, and 8,543 tons in 1991. 

Landings of sarcUnes in Mexico have increased steadily 
during the 1980's, and were simUar in magnitude to Calffomia 
landuigs through 1990, In 1991, however, sardine landings in 
Ensenada totaled 34,600 tons Sardmes fended ui Mexico priorto 
1991 were used for carming and reduction. In 1991, most sardirKs 
were used for reduaion The recent increase in sardine landings 
has been due in part to a decUne m die avaUabUity of anchovies. 

i t i i *• 

California commercial landingsof Padfie sardine. 1916-1969. 

Commeicial landings of Pacific sardine in Ensenada, Mexico, 1983-1991. 

A fishery management plan for coastal pelagic species, 
including sardines, b being developed by the Pacffic Fishety 
Management Coundl. Until the new management plan is 
adopted the sardine fishery in Calffomfe wiU continue to be 
managed by the state. Cunent sfete regufetions provide for a 
1.000-ton direaed fishery when the spawning biomass is 
greater than 20,(X)0 tons. Thb quota may be inaeased as 
wananted provided any inaease b coiisistent with the contin
ued growth and rehabUitation ofthe resource. A quota of 250 
tons (500 tons when the directed quota is 2,500 tons or greater) 
is resened for dead bait The Uve foait quota may foe increased 
above a minimum level of 3 50 tons ff such increase b consistent 
witii die continued rehabUitation ofthe resource. At present the 
Uve foait quota is 1,000 tons. Inddental take(in effea when directed 
or dead tiait quotas are fiUed) b presendy Umited to 3 5 percent by 
weight. (Current poUcy limits the total annual hanest of 
sardines to 10 percent ofthe spawning biomass. The sardine 
resource will be considered to be rehabUitated when die 
spawning biomass is at least one nullion tons, the population 
occupies much of its fonner range, and the age stmcture of tiie 
population resembles that of the population during previous 
pcnocb of high abundance. 
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Commercial landingsof Pacific sardine, 1970-1991. 
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I .tjii'imia landings ofPacific sardine for live bait 1980-1991 
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The price of sardines landed inddentaUy with mackerel 
deaeased from about S190 per ton in the mid 1980's to about 
$150 per ton ui 1991. The price for sardines landed m the 
cU rea ed fishery and cannedfor hunian consumption has ranged 
from $80 to $ 105 per ton. Only Umited markets exist forearmed 
products cunentiy being produced. The tracUtional wetfish flert 
and processmg sertor are in poor economic concUtion and have 
not successfiUly developed new products or markeb. It remains 
to be seen whether markets wiU develop to utiUze a fiiUy-
recovered population of Pacific sardines. 

Pacffic sardine, Sardinops sagax. 

Status of Biological Knowledge 

SarcUnes are small pefegic fbh and memben ofthe herring 
fami ly. The genus Sardinops (xxupies the coastal areas of warm 
temperate zones of nearly all ocean basins. The genus b 
considered monotypic, and Sardinops sagax is the correa 
scientific name for sarcUne populations in the Alguhas, 
Benquefe, Calffomia, Kuroshio, and Pem cunents, and for 
populations off New Zealand and AustraUa In the nbrlheast 
Padfie Ocean, as in most other areas, the Pacffic sardine occun 
witii anchovy, hake, and mackerel. It is generally accepted 
tiiat the Pacific sardine popufetion consisb of three subpopula
tions or stocks: a Guff of Calffomfe sufopopulation, a southem 
subpopulation off Baja Calffomia, and the principal northem 
subpopulation ranging from northern Baja Calffomia to 
Alaska. These stocks were distinguished on the basis of sero
logical techniques. A fourth, fer northern subpopufetion was 
alsopostufeted. Recentdecttc^horetic stucUes and examination 
of moiphological variation showed no genetic variation among 
sardines from central and southera Calffomia, the Pacific coast 
of Baja Calfforrua and the Guff of Calffomia 

HistoricaUy, the northern sutipopulaUon of sardines made 
extensive migrations, moving north as far as Britbh Columfofe 
in the summer months and retiiming south to southem CaUfor
nia and northem Baja Calffonua in the faU. Northward move
ment was greater with increased age. The migration was 
complex, and the tinting and extent of movement were affeaed 
to some degree foy oceanographic conditions. At present, tlie 
popufetion is relatively small and is found primarily off centtal 
and southem Calffomia and Baja Calffomia Conuadion of 
range and spawning area has foeen assodated widi deaeases in 
sardine population size around the worid 

Estimates of sardme afoundance from A.D. 280 to 1970 
ha ve been derived from the depositton offish scales m secU ment 
cores from die Santa Baibara Basin Signfficant sardine popu
lations existed throughout the time period and varied widely in 
size, typically over periods of roughly 60 years. Populauon 

declmes and recoveries averaged atxiut 36 and 30 yean, respec
tively. Scale data indicate that sardine popufetions were much 
more variable than anchovy popufetions. StucUes of deposits of 
otoliths have shown that, while the anchovy has been present for 
a miUion yean or more, no ttace of sardmes has foeen found diat 
b more dian seven thousand yean old The tendency for 
ttemenetous variations in sardine foiomass may foe a charaaeris
tic ofa species diat has only recently occupied ib habitat 

Pacific sardines reach about 16 mches and Uve as long as 
13 yean, but are usuaUy less dian 12 inches and eight yean old 
Most sardinesjajhe histoncal and recent commerdal catch 
we j^g j lMl^ toPWnt f i f cS j e r e b a good deal of regional 
v a n ^ ^ ^ p ' g U H ^ ^ a t e T v ^ ^ ^ o ^ e ^ z e attained at a given 
age incfOBiiilfcjfreS^kiuthr'w'north. SSitllgBifze and age at 
mattuity may di^AIhe with a decrease in sardine biomass, 
although latimdinal and temperature effects may also play a 
part. At low foiomass levels, sardines appear to be fiiUy mature 
at age two, while at high biomass leveb, only some ofthe two 
year olds are mature 

Sardines age three and older were neariy fiiUy vulnerafole to 
the historical fishery untU 1953, tiut two and three year old fish 
foecame less avaUafole as the population declined and fewer 
southem fish moved northward. Recent catch data mdicate 
sardines foegin to become avaUafole to the fishen at age one, and 
are fidly vulnerable foy age three. Sardines profoably foecome 
vulnerafole to the Uve foait fishery, which b located close to 
shore, at a younger age. 

Spawning occun in loosely aggregated schools ui the 
upper 165 feet of the water column, probably year-round, with 
peaks firom April to August from Point Conceptton to Magdalena 
Bay, and from Januaiy to AprU in the Guff of Calffomia The 
main spawning area for the northem subpopufetion is between 
Pomt Conception and San Diego, out to about 100 mUes 
offshore, with evidence of spawning as far as 350 miles off
shore. Historically, spawning also occuned off centtal CaUfor
nia and may have been a feirly regular occurrence. SporacUc 
occunences of spawning have foeen ofosened off Oregon and 
Britbh Columfoia 

Most spawning occun foetween 55° and 63°F, with an 
apparent optimum tietween 59° and 6 rF , and a minimum 
threshold temperature of 55°F. The spatial and temporal 
distrifoution of spawning is mfluenced by temperature; the 
center of sarcUne spawning has shifted northward and contin
ued over a longer period of time during warm water condiuons. 
Padfie sardines are serial qawnen and spawn sev eral times 
over a spawning season, although the number of spawnings b 
not known Eggs and lanae are found near the surface The 
eggs are spheroid, have a distinct, large perivitdli ne space, and 
requue about three days to hatch at 59° F 

Recruitment of Pacific sardines b highly v arable Analy
ses ofthe stock-recTuitineiit refetionship have been inconclu
sive and controvenial with some smdies showing a density-
dependent relationship and othen fmding no rdauonship 
whatsoeverFrom 1932to 1965,meanrecnutmcntonlv slightiy 
exceeded potential repfecement of spawrKn ai all levels of 
abuncfence, incUcating UtUe resiUence to fistunft Recmitment 
occun in strings, with several yean of succcsiful raruiimcnt 
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follow ed by similar periods of poor recruittnent. The timing and 
duration ofthese strings has a large effea on population growth. 

Sardines are filter feeders and prey on crustaceans, mostiy 
copepods. and other plarUcton, including fish lanae and phyto
plankton, Lanal sardines feed extensively on the eggs, lan'ae, 
and juvenile stages of copepods, as well as other zooplankton 
and phvtoplankton. 

Through aU lffe stages, sardines are eaten by a variety of 
predators. Eggs and fenae are consumed by an assortment of 
invertebrate and vertebrate planktivores. Aldiough it has not 
been demonsttated in the field, anchovy predation on sardine 
eggs and lanae has been posmlated as a possible mechanism for 
increased lanal sardine mortality during die 1950's and 
1960 's. JuvenUe and adult sardines are consumed by other fish, 
including yellowtail, banacuda, bonito, tunas, marUn, mack
erel, hake, and sharks; sea birds, such as pelicans, guUs, and 
cormorants; and marine mammals, incluiUng sea lions, seals, 
porpoises, and whales. It is lUcely that sardines will become 
more important as prey for numerous spedes, including endan
gered species such as die CaUfomfe brown peUcan, as the 
sardine resource continues to increase. 

The Pacific sarcUne and other closely-related spedes un
dergo sirmlar interannual changes in abundance in several 
other temperate coastal regions of the world. Scientists in 
several countries have conduaed jomt smdies of recmitment 
and biomass of diese coastal pelagic stocks under the Sardine-
Anchovy Recmitment Program. Knowledge ofthe popufetion 
dynamics and variability ofthese dupeoid fishes may eventu
ally conttibute to the detection of the oceanographic effeas of 
global clunate change. 

Status of tiie Population 

Spawning biomass of the Pacffic sardine averaged 
3.881,000 tons from 1932 to 1934, and fluauated from 
3,136,000 to 1.324,000 tons from 1935101944. The popufetion 
tiien declmed steeply over the next two decades, widi some short 
reversals following periods of particularly successfid recruit
ment, to less than 100,000 tons in die early 1960's. Ehiring the 
1970 's, biomass levels were thought to foe as low as 5,000 tons. 
Smce die early 1980's, die sardine populatton has increased and 
tiie spawnmg biomass in 1990 was estinated to foe 130,000 tons. 

1 1 
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Pacific sardine estimated biomass, 1932-1990. 
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Maximum sustained yield ofPacffic sarduie m die histori
cal norUiem subpopufetion was estimated to 'oe 250.000 tons or 
atiout 22 percent per year, far less dian the catch of sardmes 
during the height ofthe fishery. Although combined lancUngs ui 
die U.S. and Mexico are stUl well below this level, landuigs 
have increased substantially in recent yean. In the afosence ofa 
bifeteral management agreement between the U. S. and Mexico, 
comfoined U.S. and Mexican catches ofPacffic sardine may be 
high enough to retard the continued recovery. 

Disagreement over whether Uie decrease in die sardine 
popufetion was due to overfishing or to natural changes ui the 
environment has persisted for many yean. It is now apparent 
diat fooUi faaon are unportant FoUowing the cessation of 
fishing and with the development of favorafole environmental 
concUtions, the sardine resource is recovering. 

PattidaWotf 
CaUfomfe Department of Fbh and Game 

Paul E. Smitii 
National Marine Fisheries Seniee 
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PACIFIC HERRING 

History of ttie Rshery 

The Padfie herring (Clupea pallasi) fisheiy has peaked 
diree times during this centuiy in response to demand for 
herring. During the inteneningyean herring caicheswerc low. 
Wldl most of it used as pet food foait, or animal food at zoos The 
hcmng reduction fishery peaked in 1918 at dght million 
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pounds, but this fishery ended in 1919 when reduction of whole 
fish into fish meal was prohibited. 

From 1947 to 1954 herring were canned to supplement the 
declining supply of PacUic sardmes, and landings peaked m 
1952 at 9.5 milUon pounds. Canned herring proved tobe a poor 
substimte for sardines and die fishery for hunan consumption 
ended m 1954. 

Since 1973, herring in CaUfomfe have been hanested 
primarily for Uieu roe The cunent herring roe fishery foegan 
w hen Japan foecame interested m hening from the west coast of 
North America due to poor catehes of herring by Japanese 
vessels in die Bering Sea and a change m Sovirt poUcy which 
closed the Sea of Okhotsk to Japanese herring vessels. By 1973 
(Califomia Oregon, and Washmgton were all exporting herring 
to Japan. CaUfoniia roe hening landings peaked in 1982 at 23 
mUlion pounds. Landuigs decUned in 1984 when El Nifto caused 
a conesponding decUne in the hening populatton. However; most 
stocks lave recovered aixl lancUngs have foeen over 18 nulUon 
pounds from die 1987-1988 tiuough 1989-1990 seasons. 

Most ofthe herring catch is frozen whole and exported to 
Korea, where uiexpensive lafoor is utilized to strip the roe from 
die carcasses. The roe is Uien graded and packed in salt foefore 
shipment to Japan. 

Califomia commercial landings of Pacific herring, 1916-1969. 

Califomia commercial landings of Pacific herring, 1970-1991. 

In Japan, hening roe is an expensive deUcacy caUed 
"kazunoko." The 1990 import wholesale price for top quality 
kazunoko was about $20 per pound with retail prices beUeved 
to be $40 to $50 per pound. Hening loe b graded by size and 
color, and herring roe from Calffomia b often of such high 
quality da t it is marketed under its own "YeUow Diamond" 
label. Although the Japanese herring markrt is primarily for 
herring roe, small amounb of whole herring are abo marketed 
for human consumption 

Hening roe is avaifeble from Calffomia only during the 
November to March spawning season. Hening must be caught 
within one cfey of spawning or while ^ w n i n g b in progress to 
provide the foest quality roe. Herring within a few days of 
spawning are considered green by Japanese herring fouyen and 
are of litUe value to thent 

The herring roe fbheiy b Umited to Calffomia's four 
largeist herring spawning areas: San Frandsco Bay, Tomales-
Bcxlega Bay area, Humfooldt Bay, and Crescent City Harfoor. 
San Frandsco Bay has the largest spawning population of 
hening and supplies over 90 percent ofdie state's herring catch. 

The four spawning areas are managed separately by the 
Calffomfe Department of Fbh and Game, with catch quotas 
foased on the fetest popufetion estimates from acoustic suneys 
and spawning-ground suneys. Quotas are adjusted annually 
and are generally srt at about 15 percent of the amount of 
herring experted to retum to spawn at each spawning area 
Since quotas are srt liefore the start of the spawning season, they 
are conservative and allow for potential declmes m herring 
biomass. ff the herring foiomass declines and spawning escape
ment b less than expected the herring quotas may approach the 
Department's recommended maximum hanest rate of 20 percent 

An orderly expansion ofthe fisheiy was allowed from 1975 
to 1983. Smce 1983, only five new peimib have been issued 
and the number of annual hening pennits has stabilized at just 
over 450. Afoout 400 ofthe permits are for the San Francisco 
Bay fisheiy. Tomales-Bcxlega Bay, Humfooldt Bay, and Crescent 
City Harfoor are restrirted to gUl nets only. In San FrarKisco Bay 
die catch b allocated 66 percent to giU nrt vessels and 34 
percent to roundhaul vesseb (purse seine and lampara). 

Since 1980, with die exception of die 1983-1984 season, 
the ex-vessel seasonal value ofthe herring roe catch in Calffor
nia has averaged over $10 nulUon. The value ofa gn en catch b 
dependent on roe recoveiy: a yield of 10 percent or higher b 
considered good. Male herring are of UtUe value; the higher the 
percentage of males in a given catoh, the lower the price the 
fisherman receives. In 1990 the base price for 10 percent roe 
recoveiy was $1,000 per ton of whole fish. The price increases 
$100 per ton for each percentage point of roe recovery over 10 
percent and can reach as high as $2,000 when starting from a 
base of $1,000 per ton. The base price for 10 percent roe 
recoveiy peaked at about $2,000 per ton in 1979 when some 
herring catches brought $4,000 per ton. In recent yean die base 
price has been fairly stable at about $1,000 per ton. 

Another lucrative phase ofthe herring industry is die roe-
on-kelp fisheiy. Beginning in 1965, scuba diven hanested 
species of marine vegeution with herring eggs attached from 
Tomales and San Frandsco Bays. This produa known as 
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"kazimoko kombu" is also a Japanese deUcacy. This fishery has 
evolved uito the present roe-on-kelp fishery. Giant kelp is 
han ested from the Charmel Islancb off southem Calfforma 

• brought to San Francisco Bay, and suspended from 60 by 40 foot 
floating rafts. The rafts are towed to areas where herring 
spawning is expected to occur and are anchored After spawn
mg has ended, the kelp with herring eggs attached is removed 
from the rafts and packed ui salt. This produa reportecUy has a 
per pound value inuch higher than herring roe. There are 10 
roe-on-kelp permits for the 1991 fisheiy in San Frandsco Bay 
These peimits are avaifeble to purse seine, lampara, or giU nrt 
permittees who are wiUmg to exchange thdr net permits for 
roe-on-kelp permits. 

Herring regulations changed yearly as the fisheiy ex
panded and new confUcts or bsues were addressed. Manage
ment concepts new to commercial fishing in Calffomia were 
uittoduced as tlie hening fishery developed—lunited entty, 
permits issued foy lottery, mdividual vessel quotas, quofe aUoca-
tion by gear, the platoon sjstem used to divide gUl net vesseb 
into groups, and finally herring roe fisheiy permits may now be 
sold. Many ofthese were conttoversial management dedsions, 
but ihey have proven to tie effective solutions to socioeconomic 
conflicts in a congested fishery. 

Pacffic hening, Clupea pallasi. 

Status of Biological Knowledge 

Padfie herring range from Baja Calffomia to Alaska and 
across the Padfie rim to Japan and China Known spawning 
areas in Califonua include San Diego Bay, San Lius River, 
Mono Bay, Elkhom Slough, San Frandsco Bay, Tomales Bay, 
Bodega Bay, Russian River, Noyo River, Shelter Cove, 
Humboldt Bay, and Crescent City Haibor Most spawning areas 
are characterized as having reduced salinity, calm proterted 
waten, and suitable spawning habitat such as marine vegeta
tion beds or rocky intertidal areas. 

Results of lag and recovery studies from Canada indicate 
that 25 percent of the herring may stray between adjacent 
spawTung areas in British Columfofe The problem of stock 
identification has not foeen resolved ui Calffomia and it b not 
known whether adjacent spawning areas contain genetically 
distinrt stocks. However, each spawning area in Calffomfe 
w here herring fishing is allowed b managed on the assumption 
that sepaiate stocks exist 

Ehiring the spawning season, large schools ofherring enter 
shallow bays and estuaries, where they may remain up to three 
weeks before spawmng. When a school is ready to spawn, male 
herring initiate spawning by releasing milt A pheromone in the 
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milt triggen spawning foy females which lay their adhesive eggs 
on suifefole substrate. Fecundity b 220 eggs per gram of foody 
weight, and a large female herring may lay 40,000-50,000 eggs. 
Female herring come m contart with the sufostrate while 
spawning. They fey a strip of adhesive eggs that b two to three 
eggs -.vide rather than broadcasting theu eggs over a large area 
Repeated passes by diousands upon tiiousands of females can 
build die eggs up to a thickness of 10 to 15 feyen. Spawn depdi 
disuibution generally is shaUower than 30 feet deep, but has 
been found to a depth of 60 feet in San Francisco Bay. A large 
spawning run may last a week and can result in 20 nules or more 
of shoreUne covered foy a 30-foot-wide foand ofherring eggs. 

Herring eggs wiU hatch in afoout 10 days. During the 
ulcufoation period the eggs are vulnerable to mortaUty fiom 
precfetion by marine birds, fish, and invertebrates. They may also 
die firom desiccation or freezing during tow tidal cydes. Nomally, 
between 50 and 99 percent of hating ^ g s die foefore hatching 

The cUstrifoution of lanal herring in foays and estuaries b 
not weU known, fout juvenile herring from San Francisco Bay 
have foeen found as far inland as the Delta Pumping Plant at 
Tracy. Juveniles may remain in the tay until summer or early 
fall, when they nugrate to the open ocean 

Adult herring leave the foay immedfetely after spawning 
and their lffe history while in the ocean is not well known. 
Herring first mature at age two, when they are afoout seven 
inches in length, arxl may Uve to foe nine or 10 yean old and 
reach a maximum length ofabout 11 inches. 

While in the ocean, adult herring feed on macroplankton 
such as copepocb and euphausUds. Larval and juvenile herring 
while in foays and estuaries are believed to feed on moUuscan 
lanae and odier zcxipfenktoa 

Herring themselves are a forage spedes for a cUverse group 
of marine fishes, bircb, and mammals. Such high level preda
ton are opportunbtic feeden and while hening may compose 
a high percentage of their dirt at times, herring are tiiought to 
make up a minorpart of their annual food consumptton No species 
is known to foe completely dependent on hening for survival. 

Status of Population 

The hening spawning popufetions in Tomales and San 
Frandsco Bays are estimated annually from hydroacoustic and 
spawning-ground suneys. The San Frandsco Bay herring 
biomass peaked m 1982 at 99,600 tons just priorto tiie 1983 El 
Niiki. In the 1983-1984 season the population decUned to only 
40.000 tons. Since 1984, the San Frandsco Bay popufetion has 
been refouiiding and the spawning biomass has foeen over 
65.000 tons from 1987-1988 to 1989-1990 seasons. 

In Tomales Bay, on the odier hand spawning escapement 
dedined afoout 90 percent during El Nifto and has not recov
ered From die 1983-1984 season to die 1986-1987 season, 
Tomales Bay alternated tietween very poor and normal spawn
ing escapement Thispartem isfoelieved to have tieen caused by 
3 mov cmcnt ofherring initfeted foy the El Niiio. The Califomfe 
droukLht beginning with the diy winter of 1986-1987 has 
..-ompoundcd die problem During the seasons of 1987-1988. 
i 'XX- l'iK9, and 1989-1990, herring spawning escapcmcni m 
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Tomales Bay has been poor, averaging 600 tons. During these 
three yean hening nearly abandoned Tomales Bay. The four-
year drought coupled with new water impoundments and 
(Uv enions, has reduced the amount of freshwater runoff into 
Tomales Bay to a ttickle The lack of mrbid. low salmity water 
during the spawning season was a major change in the environ
ment of Tomales Bay and is believed to be the primary faaor 
causuig die decUne m spawnmg escapement 

In the 1990-1991 season, the herring population estimate 
for Humboldt Bay was 400 tons. The success of tiiis smaU 
fi shery suggests that the 60-ton quota is appropriate for the area 
IncUvidual spawning rans have been estimated in Crescent City 
Hartxir, but no seasonal populauon estimates have ever been 
made for the area. However, obsened spawning suggests that 
the populauon is large enough to support the minor fishery that 
occun there. 

Jerome D. Spratt 
(i^lffomia Department ofFish and Game 
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JACK MACKEREL 

History of the Rshery 
The jack mackerel (Trachurus symmetricus) was reported 

in the commerdal catch as early as 1888, fout was of minor 
importance before 1947. Commercially, it was less sigruficant 
Uian the bener known, more profitable, and more abundant 
Pacific sarcUne and the more desirable Pacffic mackerel. Much 
ofthe catch between 1926 and 1946 was taken in schoob mixed 
wilh sardine and Padfie mackerel and was sold at fresh fish 
markets where it did not spoil as quickly as Pacific mackerel. 
Landings were low, varying between 200 and 15,000 tons. 
During those years it was referred to as "horse mackerel" and 
had refetiveiy little appeal as a canned product During the 
1947-48 season, the canning industry, after being hit hard bv 
pcxir sardine landings, tumed to jack mackerel as a sufostimtc for 
sardines and the fisherv landed approximately 71,000 tons The 
U S Food and Dmg Administration authorized die common 

name jack mackerel for use on aU labeling in 1948. This name 
had more consumer appeal than horse mackerel, and jack 
mackerel has been a major contributor to Calffomia's commer
dal lancUngs ever since. 

Over 90 percent of the jack mackerel landed have been 
caught in southem Calffomia waten by purse seine and 
lampara vesseb. Sporadic catches also occur off Monterey, to 
the north, as well as Ensenada, Mexico. Jack mackerel are 
fished throughout the year foy the soudiem Calffomia fleet, 
nearshore firom Point Conception to San Diego and offshore as 
far as San Nicholas Island and Tarmer and (Zortez banks. 

Califomia commercial landings of jack mackerel, 1926-1969. 
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Cotrmiercial landings of jack mackerel, 1970-1991. 

In the eariy days ofthe fishery, shortiy after 1947, the 
monthly catches were closely refeted to the activity of the fleet 
searching for sarcUnes and Pacific mackerel. Fleet activity was 
most intense in the faU, when fishennen were searching for 
sardines, and slowest during die spring, when die sardine 
season closed and Pacific mackerel were scarce Landings were 
highest in the faU and lowest in spring and summer. This 
seasonal ttend scxin cUsappeared when jack mackerel were 
found to foe avaUable throughout the year In the 1970's land
ings were sUghUy liigher in the summei when the anchovy 
fisheiy was closed and anchovy fisheimen sought jack mackerel 

Jack mackerel lancUngs have fluctuated widely Many of 
these fluauations were related to changing martcd demand and 
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the abUity ofthe fleet to fish for other spedes which were more 
profitable or more available. More fishing effort was eUreaed 
toward jack mackerel when altemative species were unavail-

^ able. This happened with the dedme of Pacific sardines in 1947 
and of Pacific mackerel in I%6. When the Pacific mackerel 
popufetion started to recover in 1978, the focus of the purse 
seine fleet's effort scxin shifted foack to that species, and jack 
mackerel foecame a secondaiy target 

The avaifebUity of jack mackerel also plays a part ui the 
erratic catches, since there are unprecUctafole times when sein
ers cannot find jack mackerel schoob for several months. Purse 
semen can catch jack mackerel only when the young fish, less 
than sue yean old form schoob near the surfece. As jack 
mackerel grow older, their foehavior changes and they inhafoit 
deeper waten farther ofbhore. There b cunendy no direrted 
fishery for these older jack mackerel, fout they are caught 
UiddentaUy from Calffomfe to Alaska nearshore by salmon 
ttollen, foottom and midwater trawlers, and offshore foy alfoa-
core troUen. 

In tlie first decade of the southem Calffomfe fisheiy, the 
catch was mostiy fish of age tiiree to age six. Since 1965 the 
catch has been primarily fish of age zero, one, and two; fish 
older than age two have composed less than 20 percent ofthe 
catch. The reasons for the change in the age composition ofthe 
catch are not known. Because the purse seine flert catches 
primarily age zeros, ones, and twos, the fishery depencb on just 
three seasons' spawning production, ff three seasons occur 
togetiier which produce few young fish there wUl be very few 
jack mackerel available to the fishery. 

.1 • • 11 JlJll u 
Calffomia commercial passenger-canying fishuig vessd (CPFV) 

landings of jack mackod. 1947-1969. 

Large jack mackerel have occasionally conttibuted to die 
partyboat sport fishery. In 1953, a nm of large fish was 
encountered in southem Calffomfe which contributed 13 per-
cent of die partyboat catch in southem Calffomfe and 8.6 
percent statewide. That was an exceptional year and since tiien, 
jack mackerel have foeen of nunor unportance to the party boat 
fleet Smaller jack mackerel are caught at times from fishing 
pien in southem and central Calffomia 

California commercial passenger-canying fishing vessel (CPFV) 
landings of jack mackerel, 1970-1990. 

Jack mackael, Trachurus symmetricus. 

Status of Biotogical Knowledge 

Jack mackerel are actually memben of the jack famUy, 
Carangidae, and are not true mackerel. There are two different 
behavior patterns during their Ufe. SmaU fish are found over 
shallow rocky reeb, generally less than 200 feet deep, and along 
rocky shoreUnes ofthe coast and islands offsouthem CaUfonua 
and Baja Calffomfe. Large fish, more than 16 mches in lengdi, 
are found offshore and farther north; they do not form the dense, 
shallow water schoob c^isened in young fish, fout are eitiier 
solitaiy or in loose aggregations. The older jack mackerel 
extend to the Guff of Alaska and as far west as 162° W longimde 
Their movement mto the Guff of Alaska appean to be refeted to 
summer warming ofthe surface waten. Not all the larger fish 
migrate north, since some large jack mackerd are caught off 
southem and Baja Calffonua waten throughout the year. 

Like aiKhovy and Pacffic mackerel, jack mackerel appear 
to foe multiple spawners, fout it is not known how frequentiy a 
female spawns during a season. Most (70%) female jack 
mackerel from the southera Califomfe fishery foecome namre 
near or just after their first foirthcfey in July. By their second 
foirthday, 90 percent ofthe females are spawning \fety young 
spawnen produce fewer eggs and reach reproductive condition 
later in the season than do older spawnen. Most ofthe eggs are 
spawned in 57° to 61° F wata. Eggs are about .04 inch in 
diameter and float free in the ocean for three to five days before 
hatching, depending on the water temperature. 

Jack mackerel spawn offshore from Punta Eugenia to Point 
Conception from March through August Thdr eggs and lanae 
are uncommon within eighty miles of shore, and often are found 
as far as 400 mUes offshore. This indicates Uie important 
contribution of eggs ftom the large ofishore fish. Spawning 
exteiKb to northem CaUfomia waten and closer to shore ui the 
Southem Califomfe Bight from July through September. Lar
vae have been taken 100 to 1,000 nules off Oregon and 
Washington in August and Ortober, thry feed primarily on 
copepocb. Juvenile jack mackael appear to move inshore to 
concentrate over shallow rocky reefs in the southem Califomu 
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Bi ght and along the Baja Cal ffomfe coast, for few young fish are 
found elsewhere 

Young jack mackerel seem to prefer copepods, pteropods, 
and euphausUcb, although at times they feed almost exclusively 
on juvenUe scjuid and anchovies. Food habits of the older 
offshore fish are unknown. Jack mackerel, m turn, may be quite 
important food for bilffish. They also conttibute to the diet of 
seals, sea lions, some porpoises, yellowtail, white seabass, 
boruto, biuefin tuna striped marUn, angel, and blue shaiks. 

Status of Population 

The most recent estinate of biomass was made in 1983. 
Spawmng foiomass was estimated at 1.50, and total foiomass at 
1,63 to 1.99 miUion tons. These estimates must foe viewed as 
tentative approximations of the population because of two 
fertois. First the spawning frequency of jack mackeiel b noty rt 
known, and so estimates were based on the spawning frequen
des of otiier pelagic species. Second estimates were derived 
from CalCOFI egg and larval surveys which did not cover the 
entire range ofthe spawning populatioii, so assumptions were 
made for the contribution of older jack mackerel outside the 
CalCOFI area The occunence of only young fish in the fishery 
leaves the age stmoure ofdie rest ofthe population unknown, 
and it is uncertain how much the reproduction ofthese older fish 
contributes to the population of young fish in the Southem 
CaUfomia Bight 

There has been a decrease in tiie percent ofolder fish in the 
catch since the 1%0's, which has caused some concern. It is 
unclear whether this change is chie to a deaease in the number 
ofolder fish or to a change in the cUstribution ofthe three to sLx 
year old fish. The population can probafoly continue to support 
the cunent level of fishing exploitation firom the purse seine 
fleet, but it is cUfficult to precUct the effects of increased 
exploitation, due to the lunited knowledge of die composition 
and behavior of the older segment ofthe popufetion and to the 
Umited knowledge of repioduction and recruitment in jack 
mackerel, 

Jan Mason 
Nattonal Marine Fisheries Service 
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PACIFIC MACKEREL 

History of the Fishery 

Pacific mackerel (Scomber japonicus), also caUed chub 
mackerel and blue mackerel, are hanested by three separate 
fisheries: the CaUfoniia commercial fishery, a sport fishery 
foased primarily in southem ClaUfomia, and die Mexican com
mercial fisheiy. In the commercial fisheries. Pacific mackerel 
are landed by the same boab that catch jack mackerel and 
Pacific sardine 

Pacific nackerel sui^r ted one of Calffomia's major fish
eries during the 1930'sand 1940's and again in die 1980's. The 
canning of Pacific mature! began in die fete 1920's and 
maeased as greater processing capadties and more maiketable 
packs were developed Landings decreased in the early 1930's 
due to the economic depression and a decUne in demand and 
tiien rose to a peak of 73,214 tons m 1935. During dib period 
Pacific mackerel was second only to Pacific sardine in annual 
landings. The mackerel fbheiy then experienced a long flucm-
atiing cfccUne A moratorium was pfecrtl on the fisheiy in 1970 
after the stock had coUapsed 

In 1972, legislation was enaded which imposed a landing 
quota foased on the spawning foiomass. A series of successfiil 
year classes in the fete 1970's initiated a recovery, and the 
fisheiy was reopened under a ĉ uota system in 1977. During the 
recoveiy period from 1977 to 1985, various adjustments were 
nade to quotas for directed take of Pacific mackerel and to 
uiddentai catch Umits. These measures were intended to lessen 
the impart of the recovering population on the jack mackeiel 
fisheiy, and to accommcxfete the develc^ment of the Pacffic 
nackerel fisheiy as the popiUation increased. From 1986 
through 1991, Pacffic mackerel accounted for 74 percent of 
total mackerel landings m CaUfomia Pacific mackerel ranked 
first Ul volume of lancUngs of finfish in Calffomia from 1984 
tiuough 1991. 

Before 1928, when canning foegan. Pacific mackerel were 
landed inddentaUy m the sardine fisheiy and used primarily as 
fresh fish. For many yean, demand for canned mackerel was 
steady and exceeded supply. Since the recovery, the markrt for 
canned mackerel has fluctuated due to avaifefoiUty and eco
nomic conditions. At present, most Pacific mackerel is canned 
for human consumption and for pet food, with a smaU but 
uiCTeasing amount sold as fiesh fish. Minor amounts of Pacffic 
mackerel are used by anglen for Uve and dead foait. Mackerd 
prices inaeased from $45 per ton m 1956 to $315 in 1981. but 
have decUned to $233 per ton in 1990. Domestic demand for 
canned Pacific mackerel appean to have deCTeased in recent 
years, and southem CaUfonua processon and die traditional 
purse seine fleet are in economic difficulty. During the early 
fisheiy. Pacific mackerel were taken by lampara boats, which 
were replaced in the 1930's by die same purse seine flort diat 
fished for sardines. The purse seinen fished for Pacffic mack
erel until die moratorium in 1970, and were able to fish for jade 
mackerel, northern anchovy, and other spedes until the fishery 
reopened in 1977. Origmally, fishing occuned near port. but. by 
die late I930's. it extended along die entire coast from San 
Diego to Santa Baitara and included the southem Ciiifoma 
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islands. Beginning in the 1952-1953 season, fishing extended 
to Tai.i;er and Cortez Banks. 

Calffomia commercial landings of Pacific mackerel, 1916-1969. 

s 
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Calffomia commercial landings of Pacific mackerel, 1970-1991. 

Until the mid-1950's, tiiere was a seasonal pattem to the 
fishery. Padfie mackerel were mostiy unavaUafole from Januaiy 
through May, then inaeased in availabUty until fete faU. Most 
ofthe catch was taken foy purse seinen until September, when 
the sardine fisheiy began. During the decUning yean of the 
fishery, catches became more sporacUc, with no apparent sea-
soial pattems. 

At present, the purse seine flert fbhes the Soudiem Cali
fomia Bight including the southera Calffomia blands and 
offshore banks. A smaU portion ofthe catch (typicaUy less Uian 
5 percent) is taken in the Monterey Bay area. The purse seine 
fleet fishes year-round Landings are typicaUy slow during 
April and May, inaease beginning m June, peak during the 
thiid quarter of the year, and decrease after September Ap
proximately 75 purse seinen participate in the mackerel fishety 
and take Padfie mackerel, jack mackerel, Pacffic sardine, and 
squid. Other types of gear take Padfie nackerel inddentaUy 

Padfie mackerel fisheries in Calffomfe are currentiy man
aged by the sfete, but a fishery maragement plan for coastal 
pelagic spedes, including Pacific mackerel, is bemg developed 
by the Padfie Fishery Management CouncU. State regulations, 
enacted in 1985, impose a moratorium on dirededfishing when 

tiie total biomass is less tiian 20,000 tons, and lunit the 
inddental catch of Pacific mackerel to 18 percent during a 
moratorium. A season quota ecjual to 30 percent of the tolal 
biomass ui excess of 20,000 tons is aUowed w hen the biomass is 
between 20,000 and 150,000 tons, and there is no quota when 
tiie total biomass is 150,0(X) tons or greater Since 1985, the 
biomass has exceeded 150,000 tons and no quota restiictions 
have foeen m effect 

lllll 
California commercial passenger-canying fishing vessel(CPFV) 

landings of Pacific mackerel, 1947-1969. 

Calffomia commercial passenger-canying fishing vessel (CPFV) 
landings of Padfie mackael, 1970-1990. 

Pacific mackerel have ranked among the top 11 most 
important sportfish caught in souttiem Calffomfe waten, pri
marily because they are afoundant rather than desirable. The 
reaeational catch ofPadfic mackerel averaged 1,473 tons from 
1977 through 1991. During die commercial fishing morato
rium, the sport fishery became the feigest exploiter of Pacffic 
mackerel in Calffomfe. The recreational catch increased during 
die late 1970's and early 1980's, with over one miUion fish 
caught during the period 1979-1981. Recent estimates of 
annual reCTeational catohesindicateasteady decUne since 1981 
to about 442,000 fish m 1991. 

Demand for Pacific mackerel m Baja Calffomia Mexico 
i ncrcascd aftrt World War n. LancUngs remained stable for several 
\can. rose to 25,000 tons in I%3, dien decUned to a low of 1.334 
tons in 1968 Catchesremainedinsignificantunttl the mid-1970 s 
Bv!')«)("). landmgshadincreasedto39,433tons. At present Panfic 
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mackerel landed in Mexico are mostly reduced to fish meal and od 
in place of anchovies, which have been unavaUable. 

Pacffic mackael. Scomber japonicus. 

Status of Biological Knowledge 

Pacific mackerel occur worldwide in temperate and suti-
ttopical coastal waten. In the eastem Pacific, they range from 
ChUe to the Guff of Alaska, mducUng the Guff of Calffomia 
They are common from Monterey Bay, Calffomia to Cape San 
Lucas, Baja Calffomia, but are most abundant south of Point 
Conception, Calfforrua Pacific mackerd usually occur within 20 
mUes of shore but have been taken as fer offshore as 250 miles. 

Adults are found in water temperatures ranging from 50 0 
to 72.0° F and lanae ui 57.2 to 70.0° F. Adults occur from the 
surface to 1,000 feet deep. Sub-adult and adult Pacffic mackerel 
in the northeastern Padfie move northward along the coast 
during the summer The most northerly records occur during El 
Niiio events. There is an inshore-offshore migration off Califor
nia, with increased abuncfence inshore from July to November 
and inaeased abundance offshore from March to May. Pacffic 
nackerel are typically found near shallow banks, and juveniles 
are commonly found off sandy lieaches, around kelp foecb, and 
Ul open bays. 

The fergest recorded Pacffic nackerel was 24.8 inches and 
weighed 6.4 pounds, altiiough commeidally hanested Pacffic 
mackerel seldom exceed 16 inches and two pounds. Growth is 
beUeved to be density-dependent, as fish reach much higher 
weights-at-age when the popufetion size is small. The oldest 
recorded age, determined foy otoUth reading, was 11 years, but 
most Pacific nackerel m the commerdal catoh are less than 
four yean old Some Pacffic mackerel mature as one-year olds, 
although most are not sexually mature until age two or three 
Padfie mackerel become avaUable to the commerdal fishery in 
tiieir fint year of life and are not fidly recmited to the fisheiy 
until age four. Ftowever, substantial numben of younger fish are 
taken foy die commerdal fisheo'and make up the bulk of the catch. 

Recruittnent of Pacific mackerel is varfefole and loosely 
linked to die size of the spawning biomass. Reproductive 
success is somewhat cyclical with periocb of roughly three to 
seven yean. The annual rate of natural mortal ity is thought to be 
approximately 40 percent in the afosence of fishing 

There are three spawning stocks in the northeastern 
Pacific: one in the Gulf of California; one near Cape San 
Lucas; and one along the Pacific coast north of Punta 
Abreojos, Baja California. Spawning occurs from Eu
reka, California to Cape San Lucas, two to 200 miles off 
shore, and in the Gulf of California. 

Off CaUfomia spawnmg occurs from late April to July at 
depths to 300 feet Individual fish may spawn eight times or 

more per year and release at least 68.000 eggs per spawmng Off 
Baja Calffomia, spawning occurs from June through October 
Pacffic mackerel lanae eat copepods and each other. Lan ae 
normally begin to feed within 50 houn of hatching. Juvemle 
and adult Pacffic mackerel feed primarily on smaU fishes, fish 
lanae, squid, and pelagic crustaceans such as euphausiids. 

Pacific mackerel fenae are subjed to preclation from a 
numfoer of inverteforate and vertebrate planktivores. Juvenile 
and adulb are eaten tiy ferger fishes, marine mammals, and 
seabirds. Pacific mackerel school as a defense against precfe
tion, often with other pefegic species, including jack mackerd 
and Pacific sarcUne. Principal predaton include poipoises, 
Calffonua sea Uons, brown pelicans, striped marUn. folack 
mariui, saiffish, foluefin tuna, white seafoass, yeUowtail giant 
sea bass, and various sliaiks. 

Status of Population 

Historical estimates of Pacific mackerel biomass along the 
Pacific coast indicate a decUne in total biomass from 1932 untU 
1952. After a brief resurgence, the popufetion reached a peak in 
1962, Uien declmed to less dian 10,000 tons by 1966 and 
remained low until the late 1970's. 

A series of successfiU year classes beginnmg in 1974 
brought afoout a resurgence, and the biomass peaked in 1982. 
Since then it has declined. Preliminary estimates mcUcate that 
the 1991 biomass ofPadfic mackerel is about 160,000 tons. 
Information derived from deposits ofPadfic mackerel scales on 
the sea floor indicates diat the prolonged period of high biomass 
during the fete 1970's and 1980's was an unusual event diat 
might be expeaed to occur about once every 60 years. 

It is estimated that the maximum tong-term yield ofPacffic 
mackerel might be 29,000 to 32,000 tons under maragement 
systems similar to that in current use. It b diffiaUt to assess ttie 
effects on the catch of recent warm temperatures, possible 
changes m avaifebiUty of young fish, and the drteriorating 
maikets. However, it is unlikely that the recent high hanest 
levels can be sustained 

Eddy S. Konno 
Pauida Woff 

Calffomfe Department of Fbh and Game 
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T 
PELAGIC WETFISH: DISCUSSION 

For tiie most part, "pefegic wetfish" is an out-of-cfete 
^expression which no longer aptly describes this group of 
species. The term "wetfish" was hbtorically used to describe 
how these fish were processed in canneries. Unlike the mnas, 
which are cooked and then packed m die can, wetfish are first 
packed in the can, in a "wet" condition, and then cooked 
Throughout the histoiy of commercial utilization ofthis group, 
each spedes has, for varying periocb of tune, foeen taken 
primarily for canning for human consumption Cunentiy onty 
jack mackerel and Pacific mackerel are taken primarily for 
canning The uidustiy has not yet been afole to reestablish a 
viable market for canned sardines; so this resurgent resource b 
bemg caught primarUy for bait, animal food and fresh fish 
markets. Herring are caught primarUy for their roe and ancho
vies are used primarily for bait and human consumption. Most 
ofthe herring roe is exported to Japan, while much ofthe fresh-
frozen anchovy is shipped to Spain and Pormgal. 

Altiiough diere are many similarities in the lffe histories of 
diese spedes, Uiere also are differences. They are aU open-
ocean, rdatively-nearshore, schooluigfish for most of their life 
cycles, fout herring is the only one dependent on estuarine 
habitat for part of its life cycle and jack mackerel b the only one 
known to occur as much as 600 miles offshore. Each mamres at 
a relatively young age, one to three yean old; and while jack 
mackerel Uve to be 20 to 25 years old refetiveiy few individuals 
ofthe other species attain half this age. In coastal areas the eggs 
and lanae ofall the species are common, but beyond 200 miles 
from the coastiine they are common only foi jack mackerel. 
Anchovies, Padfie mackerel and sardines are known to mi
grate seasonally along the coast Herring migrate into tays and 
estuaries to spawn, fout Unle is known afoout their seasonal 
movements when they remm to the ocean. Jack mackerel 
migrate away from the neanhore foanks and blands at a 
relatively young age (4-6 yean) and while they range from at 
least off Baja Calffomia Mexico to die Guff of Alaska, littie b 
known about theu migratory hafoits as older adults. The herring 
catch b concenttated in the foays of central and northem 
California, while the other spedes are primarily caught in open 
waten and near the islands and foanks ofthe Souttiem Califor
nia Bight The commercfel lancUngs of each has foeen closely 
monitored aeating amiual time series of age and length 
composition data that span several decades for most of the 
species. Time series estimates of fotomass date lack to the 
1930's for sardines and Pacific mackerel, die fete-1940's for 
anchovies, and the mid-1970's for herring While there are no 
time series estimates of jack mackerel biomass, age and length 
composition data is available since the fete 1940's. 

The management hi story for each spedes can foe character-
ized as almost lacking for jack mackerel (considered 
underatilized) to extensive for the other four species. Prior to the 
I970's, management was generally nonexistent for aU these 
species. When sardine and Pacffic mackerel foiomasses were 
declining to virtual economic extinaion (in the mid 1960's), 
the commercial fishing industiy foegan a quest to estafolish an 
anchovy reduction fisheiy. By the fete 1960's, a leduction 
fishery was authorized foy die Calffomia Fish and Game Com
mission, complete with quota, season, area, and size restric

tions. Qydck to follow was legislation ui die early 1970's diat 
established moratoria on the commerdal take ofPacffic mack
erel and sardmes. The resurgence of die Pacffic nackerel 
resource, the establishment ofthe hening-roe fishery, and the 
transition to federal management (Pacific Fishery Manage
ment CouncU) of anchovy during the mid to fete 1970's, were 
accompanied foy strict management regimes which included 
requuements for annual quotas and assessments of biomass. 
The more recent resurgence ofthe sardine resource off CaUfor
nia has also resulted in annual quotas and assessments. In 1991, 
the Pacific Fbhety Maragement Coundl eleaed to develop a 
Coastal Pelagic Species Management Pfen which would in
clude sardines, Pacific mackerel jack mackerel and anchovy. 
The targrt date for plan implemenfetion was eariy 1993. Pacffic 
herring wUl continue to be maraged foy the Calffomfe Fish and 
Game Commission. 

The outiook for these resources and theu fisheries ranges 
from optimism to thoughts of gloom. The herring resource 
should continue to support a vfefole fishery under the strirt 
management of take by the Cfelffomfe Fish and Cfeme Commis
sion and with continuing good markets for herring roe in Japait 
The anchovy fishery's largest historical components were die 
redurtion fisheries in (Talffomia and Baja Califomia These 
have ceased to exist primarUy for economic reasons, and yrt 
anchovies continue to be valued as Uve bait for the reaeational 
fishing industty and, more recently, as a ftesh-frozen produa 
for human consumption in Europe. Padfie mackerel have 
sustained the soulhem Calffomfe purse seine fleet for over a 
decade, with record average lancUngs for this time span; but the 
recent transition ofthe Mexican fleet to tiib spedes and record 
landings suggest that this fishery and resource is overdue for a 
substantial decline. The PacUic sardine resource seemed des
tined to recover to leveb ofthe 1930's under stria control of 
catches during the recovery period yet Mexico's recent in
aeases in catches of this spedes off northem Baja (Talifomia 
has put a hold on thb optimistic outiook. Jack mackerel, long 
thought to be underatilized has provided much ofthe resource 
necessary for the southem Califomia purse seine fishermen to 
sunive the lulb caused foy decUnes in the Pacific mackerel 
sardine, and anchovy fbheries. However, a presumed large 
biomass of older fish Icxims somewhere outside the Soulhem 
Califomfe Bight Its availability to other gear (e.g. large factory 
trawlen) has yd to be determined but could result in a new 
chapter for the hanest of wetfish off Calffomia, particularly given 
the trend for continuing canneiy closures over the last two decades. 

Richard A KUngbeil 
Calffomfe Department of Fbh and Game 

FLATFISHES 

CAUFORNIA HAUBUT 

History of the Rshery 

California halibut (Paralichthyscalifomicus) b an impor
tant flaffish spedes in both the commerdal and rccrcauonal 
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fisheries of central and soulhem Calffomia. The highest re
corded commerdal landing of haUbut was 4.7 mUlion pounds 
m 1919, which was followed tiy an overaU decline to a low of 
950,000 pounds m 1932. Since 1932, the average annual catch 
has been 910,000 pounds, with four notable peaks in landings: 
1936 (1.58 miUionpounds), 1946 (2.46 miUionpounds), 1964 
(1.28 miUion pounds), and 1981 (1.26 million pounds). 

' T 

remained low and variable with an average annual catch of 
8,620 fish from 1971 to 1989. 

California commercial landings ofCalifornia halibut, 1916-1969. 

CaUfornia commercial landings of CaUfomia haUbut, 1970-1991. 

The dedme in haUbut landings after 1917 has foeen attrifo
uted to inaeased fbhing pressure during World War 1 and to 
overfishing Fishing restraints during Worid War II may have 
allowed halibut stocks to increase, resulting in peak landings in 
die fete 1940's. foUowed by low catohes in the 1950's. Warm 
water (El Niflo) yean m the fete 1950's were followed foy 
maeased landings in the nud-1960's. The lowest landings 
occuned in the early 1970's, with the lowest recorded catch in 
1970 of 257,000 pounds. Landings inaeased during die late 
1970's to a peak in 1981. Since 1981. landings have remained 
refetiveiy constant, exceeding one miUion pounds each year 
Uirough 1989. 

(batches by commercial passenger fishing vessels displayed 
ttends similar to the conunerdal landings from 1947 through 
1974, widi peaksm 1942(143,000 halibut)and 1964(141.000 
halibut). While the commerdal catch inaeased in die late 
1970's and steadied in the 1980's, die recreational catch 

lililul 
California commercial passenger-carrying fishing vessel (CPFV) 

landings of CaUfomia haUbut, 1947-1969. 

CaUfomia commercial passenger-carrying fishing vessel (CPFV) 
landings of CaUfomia halibut, 1970-1990. 

To assist with the restoration of the Calffomfe halifout 
resource through the proteaion of sub-adult fish, a regufetion 
was adopted in 1971 that srt a minimum size lunit of 22 uiches 
for sport-caught Clalifomia halibut Commerdal landings in
aeased slowly after this legisfetion, whereas recreational land
ings remained low and did not recover to former catch levels. 

Allhough CaUfomfe halibut range from the QuUfe)ute 
River, Washington to Magdalena Bay, Baja Calffomia the 
commerdal fisheiy b concentrated from Bcxiega Bay to Central 
Baja Calffomfe. The conuibution to Calffomia landings of 
halibut capmred in Mexican waten has varied but has generally 
been insignificant since 1966. The fisheiy was historically 
centered offsouthem Calffomfe and Baja Califomfe but smce 
the 1980's die greatest landings have beoi m Vfennua and Santa 
Baifoara ccxmties, with exceptional landings m the San Frandsco 
area during 1982 and 1983, ooindding widi die 1982-1983 El 
Niî o event A Umited aniount of fishing occun around die 
Channd Islancb of soudiem Calffomia, widi a catch of substan
tially larger haUbut (average lengdi=27 inches) dan tiiose caught 
in the neanhore mainfend fishety (average length = 24 inches). 
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GiU and ttammel nets as w eU as oner iraw Is are used for the 
commerdal hanest of CaUfomia haUbut. GUI and trammel 
nets wilh 8.5-inch mesh and maximum length of 6.000 feet are 
die prindpal type of gear used in soulhem Calffomia. Gill and 
ttammel net fishing b prohibited in shaUow coastal waten 
north of Point Sal, m Santa Monica Bay, and is subjea to many 
depth, area, and seasonal closures Uiroughout the state. A 
Marine Resources Proteaion Zone was established in 1991 
e.xtending three miles off the southem Calffomia mainland 
coast from Point Conception to the Me.xican border and witiiin 
one mile or 70 fethoms (whichever is less) around the Channel 
blancb. Within this protertion zone, the use of gUl and ttammel 
nets will foe prohibited after December 31, 1993. 

TrawUng is permitted m federal waten (3 to 200 nautical 
miles ofishore) using trawb with a minimum mesh size of 4.5 
inches. Within duee nautical miles, bottom trawUng is prohifo
ited except in the desigrated "Calffomia halibut trawl 
grounds," which encompasses the area foetween Point Arguello 
and Point Mugu in waters farther than one nautical mile from 
shore. Bottom trawls used in this area must have a minimum 
mesh size of 7,5 inches, and ttawUng is closed from March 15 
to June 15 to protea spawning adults. 

Commerdal fishing laws prohibit the sale of Califomia 
halibut less than 22 mches in total length, unless the weight is 
at least 4 pounds whole, 3.5 pounds dressed with the head on, or 
3 pounds dressed with the head off. Four haUbut less than the 
legal minimum size may be retained foi penonal use. The aveiage 
price per pound to southem Calfforma fishermen is $2.25. 

Reaeational regufetions also require a minimum size limit 
of 22 inches and generally no more than five haUbut taken per day 
(ordy three pa day in Bodega and Tomales Bays). Halibut can foe 
laken in recreational fisheries using hook and Une, spear, or hand 

California halibut, Paralichthys califomicus. 

Status of Biological Knowledge 

Adult California halifout inhabit soft bottom hafoitats ui 
coastal waters generally less than 300 feet deep, with greatest 
abundance at depths of less Uian 100 feet Adulb spawn 
throughout the year with peak spawning in winter and spring 
Pelagic eggs and larvae occur over the sheff, widi greatest 
densities in water less than 250 feet deep and within four miles 
of shore. Halibut lanae appear to move inshore as they ap
proach metamorphosis. Eariy lanal sfeges (atxiut 0.1 to 0.3 
inches) occur in midwater more than one mile offshore, 
w hereas transforming lanae occur widiin 0.6 mile of shore and 

occupy the neuston (surface zone) at mght and the bonom 
du.:ng the day. 

CaUforma halibut have a relatively short pelagic larval 
stage Qess than 30 days), transforming and settling to die 
bonom at a smaU size (0.35 to 0.5 inches). Newly-settied and 
larger juvemle halibut are frequentiy taken in shaUow-water 
embayments and infrequentiy on the open coast, suggesting 
tiiat emfoayments are the unportant nurseiy habitats. However, 
settlement either in bays or along the open coast varies yearly 
and may reflea variabUity in nearshore currenb that influence 
the onshore transport of larvae. The advantages of bays as 
nurseiy areas are probably a deaease in the risk of mortality of 
newly-settied juvenUes and an uiaease m the growth rate of 
ferger juveniles that feed upon the abundant small fishes m the 
foays. JuvenUes emigrate from the foays to the coast at afoout one 
year of age and 6.9 to 8.7 uiches ui length. 

Taggmg smdies have intUcated that Calffomfe haUbut do 
not tend to move extensively. Sublegal halibut tagged and 
released from commerdal passenger fishing vessels in southem 
Calffomia were recovered mostiy within five miles from their 
tag siles, with only 12 percent found 10 mUes or more from 
where tiiey were tagged. Larger halibut appear to ttavel tiie 
greatest distances. One large tagged haUbut (33 inches) was 
recovered 64 miles away 39 (feys after release 

Calffomia halibut may live to 30 yean and reach 60 uiches 
Ul length. The maximum recorded weight is 72 pounds. Male 
haUbut mattue at two to three yean and eight to nine inches, 
w hereas females mature at four to five yean and 15 to 17 i nches. 
Female halifout attain larger sizes at age than males and 
represent a greater fraction of the commercial landings (60 to 
80 percent). Female halibut reach legal size (22 inches) at 5 to 
6 yean of age, about a year before males. 

CaUfomfe halibut are ambushing precfeton. Adults prey 
primarily upon northem anchovies, squid and other nektoiuc 
nearshore fish species. Small juvenUe haUbut in bays eat 
crustaceans primarily, including copepods and amphipods, 
until they reach about 2.5 mches. They aie then ferge enough to 
eat gobies that are found commonly in bays fout not on die open 
coast Juvenile halifout foecome increasingly pisdvorous widi 
size. On the coast, juvenile halifout from 10 to 12 inches m 
length feed primarily on mysids and anchovies. 

Status of Population 

Afoundance of lanal Calffomfe hal ibut in plankton sun ey s 
b correlated with commercial landings of haUfout suggesting 
that this spedes has a cycle of abundance appro.ximaiely 20 
years in length. However, the size ofthe haUfout popufetion may 
foe limited tiy the amount of avaUafole nurseiy habitat, as 
juvenile halifout appear to tie dependent on shallow water 
emfoayments as nursery areas. The overaU decline ui Califoma 
halifout fendings conesponds to a decline in shallow water 
hafoitats in southem Calffomia assocfeted with dredging and 
filling ofbays and wetlands. 

Rcaeauonal and commercial fisheimen aie in conflia 
over the (Talifomia halibut resource in soulhem Calffonua A 
possible management altemative under consideration a t dif-
fcrcntial minimum size limit of 22 inches for the raicjuonal 
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fishery and 26 uiches for die commercial fishery. This sttategy 
would allow recreational anglers to hanest halibut between 22 
and 26 inches in length before fish had grown large enough to 
recmit to the commercial fishery. Yield-per-recmil (Y/R) 
analysis indicated that: 1) differential size lirtuts would provide 
an increased Y/R for die recreational fishery, whereas the 
commerdal fishery would experience a loss; 2) that overaU 
fishuig effort was about twice the optimum level; and 3) that Y/ 
R would probably uicrease with diminished fishing effort 

Prohibitions on the use of gill and trammel neb in 
nearshore waters offsouthem Calffomia foeginning m 1994 are 
e.xpeaed to leduce die commerdal hanest of Calffomfe hali
fout This should result in increased availafoUity of haUfout to 
reaeational anglen. 

The total Calffomia biomass of the halibut resource ob
tamed from virtual popufetion analysb estinates in the feto 
1980's was 5,720,000 to 13,200,000 pounds, wiUi annual 
recruitment offish at age one estimated to foe between 0,45 and 
1.0 million fish. The number of juvemle halibut emigrating 
from soulhem Calffomia foays to the open coast (age one) 
estimated firom beam trawl suneys langed between 250,000 
and 400,000 in the late 1980's. 

Sharon H Kramer 
MBC Applied Environmental Sciences 

John S. Sunada 
Califomfe Department ofFish and Game 
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DOVER SOLE 

History of the Rshery 

The sfeture of Dover sole (^ficrostomus pacificus) has 
evolved from that of an undesirable by-produrt of toiiom 
ttawling prior to the 1940's to become the most abuncfent 
groundfish in statewide landings. This phenomenal rise w as the 

result of market demand duri ng and foUowing World War II and 
technological a(Kances in fish handling and pr(xxssing 

At the advent of ttawUng m the 1870's, Dover sole were 
madvenentiy caught by feteen saUboats using paranzelfe nets. 
CaUfomfe's Dover sole fishery expanded from its beginning ui 
San Francisco Bay to its present scope extending from Santa 
Baibara to the Oregon border The developmg trawl fishery 
experienced major changes in vessels and netting. Sailboats 
were replaced by steam, gasoline, then diesel-powered vessels. 
The original paranzelfe trawl net was supplanted by die more 
effident otter trawl in die 1920's. By die 1980's, some trawl 
fishennen began to use roller or bofobui trawb to capmre Dover 
sole and other deep-slope gioundfish instead of more conven
tional trawb with lubfoer mudUnes between the ttawl doon and 
footrope to create a fish-herding mud cloud A quick-freezing 
mediod developed during Worid Warll, hardened Uie soft flesh 
ofthe Dover sole to produce marketable fiUeb. Thb advance 
and the wartime demand for fish allowed trawlen to tum their 
attention to the large north coast popufetion of Dover sole. 

The direrted Dover sole fishery began m 1943 when 28 
tons were landed Between 1944 and 1947, fendings ranged 
from 62 tons to 1,400 tons. The fishery expanded to 3,600 tons 
m 1948, at which time Dover sole landing records were 
separated from nominal or unspecified sole landings, and rose 
fiirther to 5,850 tons foy 1952. Aimual landings then remained 
stable at approximately 4,000 tons until 1969. From 1969 
through 1989, lancUngs have averaged 10,200 tons annuaUy 
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Calffomia commercial landings of Dover sole, 1948-1969. 

California commercial landings of Dover sole. 1970-1991, 
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Actual hbtorical catches of Dover sole were undoubtedly 
higher than reported lancUngs due to at-sea cUscarding as a 

>result of market-unposed landing Umib. Dover sole from deep 
depths are often "jelUed" (have flesh wilh a high waler conient) 
and consequentiy have reduced maikrt appeal. Because Dover 
sole are typicaUy captured jointiy wiUi other maiketable 
groundfish, especfelly sablefish and thomyheacb, ttawUng 
would often continue for co-occurring spedes, even after land
ing Umits had been reached 

Commerdal Dover sole landing Umib were imposed 
coastwide in 1989 and 1990 by the PacfficFbheiy Management 
Coundl as a ttip Umit on the aggregate poundage of Dover sole, 
thomyheads, and sablefish on board. Prior to that time, maikrt 
demand and gear regulations, not resource avaUabiUty nor 
quotas, were the dominant forces controUing statewide Dover 
sole landuigs. The intent of thb regufetion was to reduce the 
hanest of sablefish foy restricting deep water trawl effort for the 
complex of Dover sole, thomyheads, and safolefish. 

The port of Eureka has historically supported the largest 
Dover sole fishery, foUowed foy Fort Bragg, Crescent City, San 
Frandsco, and Monterey. The Mono Bay-Port San Luis area 
supported a very minor deep water trawl fishery until 1983 
(annual landings of 50 tons), at which time a wintertime influx 
of trawlers from northem Calffomia and Oregon foegan target-
mg Dover sole. Good winter weather, an afosence of market 
Umits, and a relatively unexploited resource caused landings to 
rise dramatically. From 1983 to 1989, landings into Morro Bay 
and Port San Luis have averaged 1,760 tons. 

Sport UtiUzation of Dover sole is practically nonexistent 
The depUi distrifoution of Dover sole normaUy pfeces them 

|beyond most sport fishing activity, and Dover sole, foecause of dieir 
feecUng habits, are nrt vulnerable to hook-and-Une fishing 

Dover sole, Microstomus pacificus. 

Status of Biological Knowledge 

Dover sole occur firom die Bering Sea to northern Baja 
CaUfomfe on mud foonoms at depths from 180 to 4,800 feet 
Altiiough eariy tagging experimenb off Oregon and CaUfomfe 
suggested Dover sole move inshore in the summer, a more 
recent Calffomfe Department of Fbh and Game (CDFG) 
tagging study discoveied that not aU Dover sole participate in 
the summer inshore movement In fact, most ofthe nature fish 
fegged and released ui deep water were recovered in deep water 
regardless of season. Thus die CDFG fegging dafe indicate diat 
two sufostocks nay exist: one that migrates and one that does 

not JuvenUe Dover sole settie on the continental sheff and 
gradually move down the slope over their Ufetime, reaching the 
oxygen-minimum zone as they foecome sexually mattue Thus, 
fish composing the nugratoiy sufostock may foe younger than 
those composing the nonmigratoiy sufostock. 

Fish size chaiiges maikedly wiUi ocean depUt For ex
ample, the average weight of females inaeases firom 0.61 
pound in depths shaUower than 1,500 feet, to 1.80 pounds in 
1,500 to 3,300 feet, dien to 2.46 pounds from 3,300 to 4,200 
fert. The proportion of females abo increases with depth, from 
two-thuds of the total foiomass m shallow waten to over 90 
percent at depths greater than 3300 feet 

Growth is rapid during the early yean oflffe but decreases 
with age. Five-year-old Dover sole grow 0.65 inch per year, but, 
by 10 yean of age, growth slows to 0.42 inch annuaUy Dover 
sole may attain an age of over 50 yean and reach 30 inches ui 
length. Fifty percent of Dover sole females 12.2 inches long are 
mamre. The smaUest mature Dover sole in 1987-1988 smdies 
was six yean old whereas early smdies reported mamre five-
year-old females. 

Dover sole nay spawn nine foatohes to release aU eggs m a 
spawning season. Egg produaion is conefeted widi size. Fish 
of 0.55 pound produce 33,000 eggs, whUe 2.36-pound fish 
produce 54,000 eggs on average. The buoyant Dover sole eggs 
may experience a wide range of water temperatures, from 37 
degrees F near the bottom to 59 degrees F at the sea surface. 
Thus, incubation time may vaiy from 10 days to one month. 
Lanae have a prolonged pefegic lffe of at least one year and are 
unusuaUy large (one to two mches long) before settling to the 
bottom. Larvae lave been found along the entire Calffonua 
coast as far as 60 nules south ofthe U.S.-Mexico border and up 
to 280 miles offshore. 

Dover sole feed commonly on polychaeto worms, pelecy
pod and scaphopod moUusks, shrimp, and tirittie stars. Only 
Pacific sleepa shaiks and spiny dogfish are known to prey on 
Dover sole 

Status of Population 

Popufetion estimates of Dover sole in CaUfomfe waten are 
ordy avaUable for Umited geographic areas in central and 
nonhem CaUfomfe. In 1987 and 1988, the National Marine 
Fisheries Service (NMFS) conduaed two suneys to assess the 
adult biomass of Dover sole in the area from Point Conception 
to Monierey Bay. The surveys found that 98 percent of the 
spawning bioniass of Dover sole in central Calffonua waten 
Uve on the continental slope between 2,100 and 3,300 fert deep, 
an area charaaerized foy low oxygen concenttations and veiy 
cold temperatures. Estimated foiomass was 11,250 tons using 
one suney method and ranged from 15,400 to 18,700 tons 
using the other 

A Dover sole stock assessment using 1990 NMFS foottom 
ttaw I sunev' data and popufetion modeUmg provided estimates 
of cunent biomass and yields for the area from Cape 
Mendocino. California to Cape Blanco, Oregon. Female 
spaw ni ng b lomass was estimated to foe 20,200 tons, with a likely 
range of 16.500 to 34,000 tons. Estimated maximum sustain-
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able yield for the Eureka area is 3,000 to 4,100 tons. The slock 
in this area was in ecjuiUbrium and near die target biomass lev el 
that would piovide maximum sustamable yield. 

A quantitative assessment has not been condurted yet on 
the Dover sole population m cientral Calffomia foetween 
Monterey Bay and Cape Mendocino. 

Frands D. Hemy 
CaUfomfe Department of Fish and Game 

N. Chyan-huei Lo 
National Marine Fisheries Service 
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ENGLISH SOLE 

History of the Rshery 

Englbh sole (Pleuronectes vetulus) has tieen commer
daUy important since the introduction of the fust trawl net the 
paranzelfe, in San Francisco in 1876. The use of trawl neb 
made the catch of "sole" spedes one ofthe leading categories of 
fish landed in ClaUforaia, and Englbh sole was the leacUng 
flatfish in that group until Dover sole took first place m 1949. 
Since then, EngUsh sole has been second in pounds landed 
except for 1970-1972, when petrale sole was second. The peak 
year for Englbh sole was 1929, when 8.7 miUion pounds were 
caught off central Calffomia and at new fishing areas off Fort 
Bragg and Eureka Annual landings during the past 10 yean 
have averaged just under three mUUon pounds, mosdy from 
grounds offthe Eureka and San Frandsco areas. Littie b taken 
commerdaUy south of Point Conception. 

Englbh sole are fished primarily by trawUng m water 120 
to 900 feet deep on sandy bottoms. They become vtUnerable to 
the commercial fishety at three yean of age (10 inches), but 
four- to eight-year-old fish (11-17 inches) predominate land
ings because maikets request fish of at least 11 inches in order 
to produce reasonable size fiUeb. Female fish are often more 

abundant in the landings foecause they tend lo be longer and 
heavier than the males. Fishing for EngUsh sole cjui be done by 
refetiveiy small vessels foecause ofdie shaUow water m which 
dib spedes b found Very litde b taken by commerdal hook and 
Une or by giUnet, and it is not an important spedes for 
reaeational fishing. 

CaUfomia commercial landings of English sole, 1933-1969. 
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Commercial landings of EngUsh sole, 1970-1991. 

Englbh sole b a desirable fish for the market and restau
rant trade, primarily as a fiUrted prcxiuct, but landings are 
afferted by market demands and abundances of otiier flatfish 
and roundfish. Cunently there are lancUngs restriaions on 
certain rockfish and deep-water complexes offish, and proces
son may retjuest EngUsh sole ftom the fishermen to supplement 
total landings. Notwithstanding, fendings of Englbh sole have 
not increased since the implementation of restriaions on oUier 
fish. Demand for EngUsh sole is also afferted foy avaUabiUty and 
price of imported fish procfaicts. 

Status of Btoksgicai Knowledge 

Englbh sole range from San Cristobal Bay, Baja Calffomfe 
to northwest Alaska in water as deep as 1,800 feet Fish tend to 
move to deeper water in the winter and shallower water in the 
summer, and fishing effort foUows these movements. 
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English sole, Pleuronectes vetulus. 

Tagging studies in Calffomia, Oregon, Washington, and 
British Columfoia show that, although there b linle overaU 
migration, small seasonal north-south movements probably 
occur, and some fish have foeen found to move in excess of 200 
miles. Analysb of feg returns also suggest that four separate 
stocks are found m Calffomia: south of Point Conception, Point 
Conception to Bodega Bay, Monterey to Eureka, and Eureka to 
southem Oregon. The overiap in areas is a result of apparent 
north-south movement ofthe stocks. Some seasonal inteimin-
gling foetween stocks protafoly also occun. 

Female EngUsh sole are usuaUy mature at three years (10 to 
14 inches), while males mature at two (8 to 11 mches). 
Spawning occun over sand and mud-sand bottoms at depdis of 
200 to 360 feet from Septemfoer to AprU, although some 
spawning probafoly occun in all months. In Calffomia peak 
spawning occun from Decemfoer through February, with an
nual variations in timing apparentiy related to water tempera
mre. Each fish profoably spawns only once per year. A three-
year-old, 12-inch female releases approxinatdy 150,000 eggs, 
whUe a 10-year-old 17-inch fish wUl release almost two 
million. Egg diamrter is approximately 0.04 inch. Fertilized 
eggs are buoyant when first released but shortiy foefore hatch-
uig tiiey foegin to sink into the water column. 

When the eggs hatch, in four to 12 days, the lanae are 
approximately 0.1 inch long. Typically the lanae are m the 
mid-water column fout sink deeper as they approach metamor
phosis. During development, Uie larvae can foe canied towards 
shore on upper-level water currents. Spawning and develop
ment during times of rapid pfenkton growth may result in good 
recruitment During their pefegic phase of six to 10 weeks, the 
lanae grow to about 0.75 inch, then setUe to the bottom and 
metamorphose to the adult benthic body form. After metamor-
phosb, and for the fust year of Ufe, juvenile EngUsh sole are 
found in shallow bays and estuaries and feed all the way up to 
the intertidal zone. Juveniles are found in sand, mud and 
eelgrass habiats. The population density of juvenile EngUsh 
sole in estuaries is several times higher than on the open coast; 
however, it is not known how unportant estuaries are to survival 
of juvenile English sole. In soulhem Calffomia the shaUow 
open coast nfey foe more unportant as juvenUe hafoitat than it b 
fiirUiCT north. As die fish grow diey tend to move to deeper water. 

The largest recorded English sole, from Britbh Columfoia 
was 22.5 inches, and21-mch fish have foeen taken in Calffomia 
The oldest recoided age b 22 yean. EngUsh sole are aged by 
counting tiie annual rings on tiie interopercular bone. 
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WhUe m the estuary and nearshore shaUow-watcr environ
ment, juvenUes feed ori copepocb, the palps of segmented 
worms, siphons of small dams, britUe stan, ancl other smaU 
uivertebrates. At the end of their first year of lffe (about five 
mches) most juveniles have moved to offshore waten. Adult 
fish are sdctom found in estuaries. They are opportunistic 
feeders eating shallowly burrowed or surfecc-active prey such 
as worms, smaU crustaceans, clams, and occasionally smaU 
fish, crabs, and shrimp. Adulb can also cUg into the sedunent to 
reach deeper prey. 

The Englbh sole b capable of inteibreeding widi the stany 
flounder producing an intergeneric hybrid called the hybrid or 
foikUne sole or flounder. 

Status of Population 

LitUe informaUon b avaifeble to estimate the status of Uie 
Englbh sole stock in Calffomia Catch-per-unit-of-effort data 
exist but are complicated by the multiple species asped of trawl 
fishing Analysb of catch information for die late 1970'$ 
suggests that stocks are at levels that produce maximum 
sustainable yield. Currendy there b no quota on the Englbh sole 
fishery, fout fendings are monitored and popufetions continually 
assessed for signs offoiological stress. The fisheiy b currently 
managed foy the Padfie Fbhery Maragement Coundl through 
gear regufetions such as mesh size for trawl nets. 

Donald E. Pearson 
National Marine Fisheries Service 

Sandra L.Owen 
CaUfomfe Department of Fbh and Game 
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PETRALE SOLE 

History of the Rstiery 

The CaUfomia fisheiy for petrale sole (Eopsetta jordani) 
began in Uie San Francisco area during die late 1880's. Prtrale 
were then, as they are now, a highly desirable ffetfish. Most are 
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fiUeted for the fresh fish trade, with the remainder being 
cleaned and smoked or dried The majority of Uie petite sole 
landed are taken commerciaUy with otter trawls, along widi 
various other flatfishes and rockfishes, although some are 
caught by longline or entangUng nets. The sport fishery is 
negligible, with only a few thousand pounds being fended 
annually. The prindpal ^ r t catch is made foy partyboats 
fishing for bottomfish spedes such as rockfishes. 

I < 0 
S 

a 
I '° 
= ?.* 

: 0 

CaUfomia commercial landings of petrale sole, 1931-1969. 

Commercial landings of petnle sole. 1970-1991. 

In 1924, Uiere were 66,000 pounds of petrale sole landed 
From 1924 duough 1933, annual landings averaged about 
250,000 pounds, with over 1.4 miUion potmcb being landed in 
1931. The Uawler fled increased gieaUy in size and effidency 
foUowmg World War IL New gear allowed ttawling on new 
grounds at greater depths, resulting in larger landings. Also 
contributing to increased production was the discoveiy of the 
winter spawning grouiKb in depths of 900 to 1,200 feet 
Concenttations were very dense and catches maeased accord
ingly Over five million pounds were landed in 1948. Between 
1982 and 1991 landings averaged 1.7 miUion pounds. 

Status of Biological Knowledge 

Pettale sole are found from tJie Bering Sea to nonhem B.i)a 
Califomfe on sandy bonoms at depths ranging from 60 to I M*) 
feet. These fish have been known to move great distances. 

agged fish released off Eureka have been recovered m British 
Columbfe. Nevertheless, most agged pettale sole are recovered 
wiUiin short distances of die release point Tagging smdies m 
Washington, Oregon, and CaUfomia indicate tiiat pettale sole 
spawn in deep water during winter and shortiy after spawning, 
move inshore and northward through spring and summer 
months. During fall and winter months, there is an ofishore and 
southeriy movement assocfeted widi spawning. WiUun Calffor
nia, four owning populations of petrale sole have been 
deUneated foy tagging experiments and by locating spawning 
fish. These are in die Cape Mendodno, Point Delgado, Point 
Montara, and Pomt Sal areas. Individuab fegged on spawning 
grounds indicate that there b some interchange of fish among 
these areas. Most movement among spawning populations has 
foeen northward Seasonal catch dbtrifoutions show the same 
panem. Pettale sole are at their maxunum concentrations during 
winter months in relativdy deep water, where a targeted fisheiy 
develops. During summer, Uiey disperse into neaitiy shaUovv 
waten and are caught ui assodation wiUi odier groundfish. 

Petiale sole, Eopsetta jordani. 

Age and growth smdies in Calffomfe have foeen veiy 
Umited. However, growth appean to foe rapid during the fust 
few years for both male and female fish, after which the growth 
rate foecomes very (Usproportionate, with die females growing 
more rapidly than males. The maximum recorded sizes and 
ages of Calffomia prtrale sole are 19.5 inches and 21 yean for 
males and 25.2 inches and 25 yean for females. Peuale sole 
enter the fishery at afoout diree yean of age, but most of the 
pettale catch consbts of females foetween five and seven yean 
old and about 14 to 17 inches long. 

Petrale sole reproduce in water foetween 900 and 1,200 fert 
deep from November through March, with peak spawning 
during Januaiy and Febmaiy. Males first reach mamrity at three 
years of age and 11.7 inches long, and females at four yean and 
12.5 inches. About 50 percent ofthe males are nature when 
they are seven yean old and 16 inches long. The largest 
immamre male recorded was 15.2 inches and eight years old; 
die fergest immature female, about 18.5 inches and nine yeais. 
The eggs are pefegic and hatchmafoout8.5 days in 44 6Fwaier 

This fish is ferger Uian most Calffomia flatfish and has a 
large mouUi. Peuale sole feed on euphausiids. shrimp, ancho
vies, herring, juvenile hake, smaU rockfish, and other fbtfish. 
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Status of Population 
Recent investigations mto pettale sole yidd-per-recmit 

relationships in tiie Washington-Oregon region suggest that 
stocks there are bemg hanested at or near maximum sustain
able lev els. On that foasis, and using historical landmg data, the 
maximum sustainable yield (MSY) for Calffomia stocks is 
estimated tobe 3.3 mUlion pounds. Recent landings are stable fout 
about haff die estimated MSY At Uib time the Pacific Fisheries 
Management C^oundl has not srt a quota for Uib spedes. 

David H Thomas 
Calffomfe Department of Fbh and Game 
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REX SOLE 

History of the Fishery 
The rex sole (Errex zachirus) b taken commerdaUy liy 

foottom trawl nets from soudiem Calffonua to the Bering Sea at 
depths of 300 to 1,200 feet Despite i b wide distribution, thb 
species does not lend itseff to a high-produrtion targeted fishery, 
because it rarely aggregates in any one location at any certain 
time of year. It b rarely taken by sports fisheimea 

The commercial fishery for rex sole in CaUfoniia has been 
steady and stafole for die past 20 years, with most catches made 
mddental to odier groundfish species. Annual Calffomfe land
uigs ofrex sole from 1970 to 1989 averaged 1.6 miUion pounds, 
widi a range of 1.3 to 2.0 mUUon poimds. Most ofthe landings 
Ul Calffomia have come from die Eureka-Crescent City area, 
where 900,000 pounds (56 percent ofthe annual catch) has been 
fended annually Since 1985, rex sole fendings from the Eu
reka-Crescent City area have foeen 38 percent of the annual 
total, while landings at Fort Bragg and Mono Bay have foecome 
signfficant al 15 percent and 19 percent, respectively 

Rex sole is primarily processed forthe fresh food market 
where it is held in high esteem foy seafood connoisseun foecause 
of its bright, white flesh and ib sweet,distincuve taste. Most rex 
sole are marketed m a dressed form (eviscerated with the head 

ofl), which gives processon a 35 to 45 percent yield by weight 
Rex sole b generaUy not filleted because its tiiin, sUght body 
does not aUow for effident recoveiy. 
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Commercial landings ofrex sole, 1931-1969. 

Commercial landings ofrex sole, 1970-1991. 

Status of Biotogical Knowledge 
The rex sole belongs to die fanuly Pleuronectidae, die 

right-eyed flounden. It is distinguished by a long nanow 
pertoral fin on the eyed side of the body, a short compressed 
head a smaU mouth, and a nearly straight lateral Une which 
fecks an accessoiy branch. 

Rex sole, Errex zachirus. 

Rex sole fint appear in the trawl catoh when they are about 
12 inches longand 10.5 yean of age They can anainalength of 
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23.25 inches and an age of 24 yean. Male rex sole fint spawn m 
their second year when about five inches long. Females first 
spawn at age three and afoout eight inches. Rex sole become 
fiiUy mature at age four and afoout nine inches in length. After 
3.5 years of age, females grow somewhat faster than males; they 
also tend to Uve longer 

There appean to be no definitive spawning season, as rex 
sole in spawning condition have been coUeded throughout the 
year. Peak spawning activity b from Febmaiy through March 
off San Francisco and during the summer off Eureka. Spawning 
rex sole are most afoundant at depths of 300 to 900 feet 

The numfoer of eggs prochiced by a single female rex sole 
inaeases with size. A 9.5 inch female wiU produce about 3,9(X) 
eggs, while a 23.25 uich female can have as many as 238,000 
eggs. Rex sole eggs average about 0.10 inch in dfemeter, are 
fertilized near the sea bed tiecome pefegic, and probably 
require a few weeks to hatch. 

Rex sole eggs hatch to produce pefegic lanae which are 
about 0.25 inch in length. Larvae have been collected from 
nearshore to 200 miles offshore during CalCOFI suneys and 
are most abundant from April to July. The lanae retain an 
extended pefegic e.xistence for atwut ayear foefore settling out to 
a bottom existence as two-inch-longjuvenUes. The long pelagic 
phase nay make rex sole lanae more susceptifole to dispersal 
and drift by cunents, a faaor that might affea sunival and 
subsequent year-class strength. Juveniles are common on the 
outer edge ofthe contmental sheff, which is possibly used as a 
nursery area, at depths of 490-660 feet 

Littie b known about rex sole movemenb and migrations. 
They are found from shaltow water (60 fert) to depths of 2,100 feet, 
usually deeper than 200 feet They show a preference for a muddy-
sandy bonom, but also frequent both sand and mud Ixmoms. 

Stomach analyses show that rex sole feed primarily on 
amphipods and polychaetes; shrimp are also eaten Rex sole are 
preyed upon by sharks, skates, rays, lingcod and some rcxrkfish. 

Status of Population 

The rex sole b listed under die "other flatfish" category in 
the Pacific Coast Groundfish Plaa It is believed to foe 
underhanested because a regufeted 4.5-inch trawl mesh size 
results in the retontion of only the larger fbh. Insufficient 
information is avaifeble to determine stoc^ abundance. 

Lawrence F. Quirollo 
Califomfe Department ofFish and Game 
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STARRY FLOUNDER 

History of the Rshery 

The stany flounder (Platichthys stellatus) b a common 
species m both the commerdal and reaeational fisheries of 
northem and central Calffomfe. Though seldom targeted it b 
often taken by commercial fishen seeking more valuable 
species such as petrale sole or Calffomia halifout. HistoricaUy, 
most of die commercial catch has been made by otter ttawl. 
Duringthe 1980's, many stany flounden were taken tiy giU and 
trammel neb m centtal Calffomfe. However, trawlen must 
generally sfey Uiree nules off die coast, and in recent yean, giU 
and ttammel nets have foeen prohifoited from much of the 
neanhore area The fouUc of die starry flounder popufetion 
inhafoib the nearshore waten now closed to these gean and is, 
Uierefore, not avaUable to them. 

California commercial landings of siarry founder, 1916-1969. 

Califomia commercial landings of starry flounder, 1970-1991. 

Commerdal landingfigures fortius spedes are unprecise, 
owing to an unspecified "flounder" categoiy which, in northem 
Calffomia, may include an unknown quantity of arrowtooth 
flounden. Also, stany flounden are somrtimes mi.xed widi 
miscellaneous ffetfishes and recoided as unspecified "sole." 

The recreational catcii of stany flounden b from pien, boats, 
and shore, usuaUy in estuarine and adjacent coastal wateis. The 
estimated annual recreational catoh for dus spedes in Calffomfe 
firom 198 Ito 1986 ranged firom less Uian 30,000 to 83.000 fish. 

Status of Biological Knowledge 

The stany flounder b probably the most easily recogniz
able of Caliloma's ffetfishes. The dorsal and aral fins are 
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prominentiy marked with alienating yellow or orange and dark 
foe.^. The body surface is rough owing to modffied star-shaped 
scales that give rise to the names "stany" and "roughjacket," as 

i this fish b often called by fishermen It b very good at assuming 
die coloration ofdie substtate upon which it finds itseff. Stany 
flounders in California are about equally divided between left-
eyed and right-eyed fish, while diose of Japan are nearly all left-
eyed. 

Siarry flounders range from Korea and Japan, north to the 
Bering and Chukchi Seas and the Arctic coasts of Alaska and 
(Canada and soudiward down the coast ofNorth America to 
southem Califomia, although they are uncommon south of 
Pomt Conception They are primarily a coastal species, Uving 
on sand and mud bottoms, and avoiding rocky areas. Though 
found to depths of 900 feet, they are much more common m 
shallower waten. They are frequently found in bays and esmar
ies, often one of commonest fishes in these settings. They are 
tolerant of brackish and even fresh water 

Tagging stucUes have not demonstrated extensive migra
tions, although there b some movement along the shore. There 
are also thought to foe seasonal inshore-offshore movements of 
Uiese fish, possibly related to spawning. 

Most spawmng seems to occur m shallow waten near the 
mouths of rivers and estuaries during the winter In centtal 
Califomia December and January are the peak montiis of 
spawning. The number of eggs produced by each female 
depends upon her size: a 27-inch fish may produce afoout 11 
million eggs. Fertilization is extemal. 

Eggs of die siarry flounder are pelagic, floating near the 
ocean's surface. Under lafooralory conditions, eggs held at 51° F 

I hatched in 4,5 days, while those held at 54.5° F hatched in 2.8 
days. Newly hatched lanae are less than one-tenth inch long. 
Metamorphosis occurs 39 to 75 days after hatching Newly 
settled juveniles less than one-haff inch long are common in 
low-salinity estuarine waters, although srtUing also occun 
along the open coast 

Females grow faster and reach larger sizes than do males. 
In centtal (Talifomia, most males are sexuaUy mattue at two 
years averaging 14.5inches, most females at three yean and 16 
inches. The maximum size leported is 36 inches. 

Lanal stany flounden feed on planktonic organisms. 
Newly metamorphosed fish feed largdy on copepocb and 
amphipods. As they grow, their dirt changes. Five-inch fish 
have developed jaws and teeth that allow them to crash smaU 
clams and pull worms from thdr burrows. At 10 to 12 inches, 
tiiey tend to graze on tips of siphons of clams too large to lie 
ingested whole Crafos and polychaete worms are also taken. 
Sand dollars, forittle stars, and fish are mcluded m the dieb of 
larger stany flounden. 

Wading and cUving seabirds such as herons and cormo
rants, as well as marine mammals such as haifoor seals, feed on 
juvemle stany flounden m estuaries. However, sea lions and 
haitior seals feeding on fish caught in giU neb wiU pass up a 
dozen stany flounden to eat a more valuafole CaUfomia halifout, 
much to the consternation ofthe fisherman 

On occasion, a fish is caught that dispfeys physical charac
teristics intermediate between a starry flounder and an English 
sole and may be a hybrid of those species. 

Status of Population 

No smdies have tieen condurted to detennine popufetion 
size of tiie stany flounder, however, there b no evidence that the 

resource b bemgoverexploited Recraittnent b largely drtenmred 
by survival oflanal and juvenUe fish. Given die importance ofbays 
and estuaries to die young of Uus spedes, Uie continued environ
mental healtii ofthese areas may be die most unportant fector ui 
maintaining healdiy popufetions of stany flounder. 

Charles W. Haugen 
C^alffomfe Department of Fbh and Game 
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SANDDABS 

History of The Rshery 

Commerdal sanddab lancUngs consist of three species. 
The Padfie sanddab (Citharichthys sordidus) b the most afoun
dant and makes up the tiulk ofthe landings. It b taken chiefly in 
central and northem Calffomfe waten. The longfin sanddab 
(Citharichthysxanthostigma) b taken only in southem Califor
nia waters. The speckled sanddafo (Citharichthys stigmaeus) b 
taken all along the Calffomia coast. Because of their smaller 
size and fewer numben fended longfin and speckled sanddabs 
are not important contrifouton to commercial sanddab land
ings. Although not as important commerdaUy as other ffet
fishes in quantity fended sanddafos are nevertheless highly 
prized by the commerdal industiy and reaeational anglen for 
their excellent etUbUity. 

Recorded sanddab landings were highest in 1917 when 2.6 
million pounds were landed In 1918 landuigs decreased to 1.8 
miUion pounds, and from 1919 to 1921 they remained less Uian 
0.8 miUion pounds. Beginning in 1922 annual landings in
CTeased reaching approximately two miUion pouncb in 1925. 
From 1930 to 1974, annual fendings were foelow a mUUon 
pounds. Smce 1975. landings fluctuated foetween 1.4 mUUon 
pounds and 0.6 miUion pounds annually. During the last 
decade, landings have foeen aliove the historical annual average, 
except for 1983 and 1984. These were yean with sttong El Nifto 
events. Landings retxmnded in 1985 and have increased smce 
then. Approximately 1.44 mUUon pounds were fended m 1990, 
making it the third highest year since 1916. 

The najor portions of sanddab landings have foeen m 
northem and central Calffomia. Since 1970, forexample, 42.5 
percent have been in the Eureka area, 42.6 percent in the San 
Fnnosco Bay area, and 12.6 percent in die Monterey Bay area 

Sjnddabs are caught mainly by otter trawb and some by 
hook .ind line, espedally in the Monterey Bay area. Many 
rcacutional anglers pursue diem, mostiy from small boats. 
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CaUfomia commercial landings of sanddabs, 1916-1969. 

1 . 

worms, squid odopus, eggs, and small fishes. They, m nun, are 
preyed upon by laiger fishs, diving birds, and marine mammab. 

Status of Population 

Commerdal fending recorcb indicate ttat sanddab popu
fetions are in good concUtion and currentiy are not tieing 
overhanested. The Pacffic Fisheiy Management CouncU has 
not recommended a change in die nunimal acceptable biologi
cal catch of inddentaUy caught "OUier Ffedbh* (which in
cludes sanddafos) during thepast decade, indicating a stafole and 
Ukely underauUzed resource. 

Rofoert Leos 
Calffomfe DeparUnent of Fbh and Cfeme 
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CaUfomia commercial landings of sanddabs, 1970-1991. 

Status of Biological Knowledge 

Sanddabs belong to the family Bothidae (lefteye floun
den). The Padfie sanddab ranges from Cape San Lucas, Baja 
Califomia to die Bering Sea and is found on soft sand to sandy-
mud bonoms at depths from 30 to 1,800 feet. The largest 
individual recorded measured 16 inches and weighed two 
pounds. Most, however, are smaUer than 10 inches and weigh, 
at most one-haff pound. They Uve to a maximum of 10 years. 

Pacific sanddab, Citharichthys sordidus. 

Padfie sanddabs mattue at about Uiree yean of age 
Spaw-ning begins in July, peaks in August, and encb sometime 
m September Females nay spawn twice during a season. The 
spawning period is an exception to that of othei flatfishes, most 
of which generally spawn during fete winter to early spring. 

Sanddafo larvae are pelagic and may be found near the 
surface and out to many miles offshore. Juveniles and adults 
feed on a variety of focxl inclucUng shrimp, crabs, manne 

OTHER FLATFISHES 

History of The Rshery 

Several flatfuh species are taken inddentaUy ui commer
cial gioundfish fisheries. These include the rock sole 
(Pleuronectes bilineatus), batter sole (Pleumnectes isolepis), 
fantail sole (Xystreurys liolepis), sand sole (Psettichthys 
melanostictus), slender sole (Eopsetta exilis), curUin turfoot 
(Pleuronichthys decurrens), homyhead tuitxit (Pleuronichthys 
verticalis), spotted tuitxit (Pleuronichthys ritteri), C-O tuifoot 
(Pleuronichthys coenosus), diamond mrtiot (Hypsopsetta 
guttulata), anowtooth ftounder (Atheresthes stomias), and 
Padfie haUfout (Hippoglossus stenolepis). Some ofthese, nota
foly die Padfie halifout and diamond turtxit, are taken foy 
reaeational anglen as weU, fout most are caught primarily by 
commercial boab. 

LancUngs of most of these flatfish are difficult to extrart 
from landings data for the early yean (foeginning in 1916), 
foecause many were combined with other categories of ffetfish. 
For e.xample, prior to 1931 tuttxits were included with soles. 
Also, some species such as Pacffic halifout are included m 
Califomfe fendings. even though most were landed elsewhere 
and shipped to Calffomia ports. Starting ui die early 1950's, 
some ofthese flatfish lancUngs, primarily arrowtooth flounder 
(1950) and soles (1953), were Ibted separately in die catch data 

(jeneraUy, mddental flatfish catches have contributed only 
a small amount to the annual sfetewide commercial landings. 
From 1953 to 1989, Uiese annual flatfish fendings averaged 
about 0.1 percent of the total statewide landings. During Uiis 
period soles comprised 40.4 percent of inddental flatfish 
landings, flounden (mostiy anowtootii flounder) 49 6 percent 
turbots 8.4 percent, and Padfie halifout 1.6 percent 
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A mixed catch of flatfish. 

Incidental sole landings since 1953 averaged about 
265,000 pounds per year, wiUi a peak m 1979 when 800,000 
pouncb were landed. Since 1950, anowtoothflounder averaged 
307,300 pounds per year widi high landings (about 600,000 to 
1.1 million pounds) from 1954-1961. These high landings were 
due, in part, to the less desirable fishes, such as arrowtcxitii 
flounder, fincUng a nrarket with the animal food industiy, 
primarily as mink food. During 1962-1964, landings dropped 
consideiably. In 1965 flounder lancUngs increased somewhat 
and have averaged about 200,000 pouncb per yeai since then. 
Tuibot lancUngs averaged about 51,000 pouncb per year, with a 
peak of 176,000 pounds m 1954. Since 1%9, annual ttubot 
lancUngs have averaged about 29,0(X) pounds. Pacific halibut 
contnbuted heavily to the commerdal fisheries prior to the nud-
1950's. The last good year for Pacific halibut landings was 1952, 
when 242,600 pounds were landed These lancUngs then began a 
rapid downward tiend From 1968 to 1985, only ttace amounb 
were landed. In 1986, howeva, 34,500 pounds were landed 

Most of tiie incidental fladish are taken by otter trawls. 
Trammel nets are used to catch some flatfish in centra] and 
southem Califomfe waten, and nany small-lxat commerdal 
fishermen use hook and line to take ffetfish. Recreattonal 
anglers occasionally catch soles or tuifoots wlule fbhing for 
sanddabs, siarry flounder, or Calffomfe halibut Diamond 
mrbots are sought by recreational anglen m quirt coastal 
waten, bays, and sloughs. 

Status of Biological Knowledge 

In general, flatfish spawn during late winter and early 
spring. The larvae are pelagic and undergo metamorphosis to 
die adult form. After flaffish setUe on the bottom, they eat smaU 
crustaceans, polychaetes, and mollusks. As they grow, Uiey eat 
larger focxi forms ofthe same groups. Some, such as sand sole 
and Padfie halibut, include fish in their diet 

Status of Populations 

Major fluauations of commercial landings of soles, tuitot, 
id floundei have occuned since 1950. Despite these flucttia-

tions over the years, markrt sampling and commerdal landing 
recoids incUcate tiiat these populations are m gpcxl condition 
and cunentiy are not being overhanested Although Pacific 
haUbut landings ui Calffomfe have declmed smce die peak 
years during die 1930's and the spedes is considered uncom
mon in Calffomfe waten, the population b apparently in good 
condition in waten north of Calffomfe where it b more abundant 

Robert Leos 
Calffomfe Department of Fbh and Game 
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FLATFISHES: DISCUSSION 

Flatfishes have foeen important commercial and spon 
species since the foeginning of Calffomfe fbheries. Over 15 
species are caught in waten along the Calffomfe coast in areas 
extending from bays and estuaries to continental slope depths 
exceecUng 3,000 feet The leading ffetfishes in landings are 
Dover sole, EngUsh sole, petrale sole. Pacific sanddab, rex sole, 
and Calffomia halibut. Smaller amounb of Pacffic haUbut, 
sand sole, rock sole, arrowtooth flounder, stany flounder, 
curlfin tuitxit, homyhead turbot, diamond tuibot, and several 
other spedes are al»> landed 

The largest pan ofthe catoh b taken in trawls. EntangUng 
nets (giU neb and ttammel neb) are the second most productive 
gear. Hook-and-Une gar account for die remainder of die catch. 

TrawUngfoegan in Calffomfe in 1876 with the uittoduction 
of the paranzelfe, a trawl net towed by two vesseb. At first 
sailboats were used. They were replaced foy steam trawlen, Uien 
gasoline vessels, and finally diesel-powered vessels. The 
paranzelfe was Uieprectominant trawl untU 1946; thereafter, die 
one-vessel otter ti-awl gradually replaced paranzeUas and be
came the standard trawl. 

San Francisco was the center of trawling for the fint haff 
centuiy of commercial fishing. In 1929. trawlen foegan regular 
summer fishing off Fort Bragg and Eureka. The center of 
ttawling operations shifted to Eureka around 1938. 

Flaffish landings slowly inaeased until Worid War I, when 
landings inaeased to 17 miUion pounds in 1917. Flatfish 
landings declined to a low of 4.5 million pounds in 1942, when 
ttawl fishermen were attraded to the lucrative shark-lKcr 
fishery and when carW wartime restrictions were imposed on 
California's Italian fishermen. World War Ilwas another penod 
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of increased demand for fish products. Demand along with 
technological advances in fish hancUing and processing, led to 
UtUization ofDover sole. The Dover sole fishery foegan slowly m 
1943, when 56,000 pounds were landed In 1949, Dover sole 
became the State's leacUng flatfish in lancUngs. Faaon which 
contributed lo the rapid rise in Dover sole and flatfish catches 
were Uie expansion of fishing in 1948 to depdis of over 1,200 
feet and the transfer of wartime improvements in depth finding 
and navigation Inaeased ttawl effort in deep water also led to 
the discovery of pett^e sole spawning grounds in 900 to 1,350-
foot depths. Since 1948, annual ffetfish landings have exceeded 
17.5 nulUon pounds. The peak year was 1979, when 37 mUUon 
pounds werc landed For die 10-year period 1981 to 1990, 
annual landings of ffetfishes have averaged 30 miUion pouncb. 
Recent high landings are due ui part to higher demand. Health 
consdousness and the foenefits of fbh in dieb have added to 
product demand During the past two decades, new ttawlen 
have entered the fishery. State-of-the-art navigation electron
ics, high-iesolution depth sounden, and hydraulic winches and 
net reels have foecome standard equipment of trawlers. 

Old wooden trawler from northern California. 

Entangling neb are used in central and southem Califor
nia for Calffomia halifout A smaU part ofthe commerdal catch 
b taken foy hook-and-line gear. Padfie halifout are taken foy 
longlines in northem Califomia AU the reCTeational catch of 
flatfishes b by hook and Ime 

Flatfishes are narieeted as fdleb, whole fish, or dressed 
fish with head and fins removed. Padfie halifout and a few large 
Califomfe halifout are sold as steaks. A spedalty Asfen markrt 
exbb for large peti te sole which are dressed heads on. salted 
and dried All flatfish species are processed and marketed in the 
fresh state. Dover sole, English sole, and petrale sole are the 
main filleted species. Fewer starry flounder, sand sole. 
anrowtooUi flounder, and rock sole also enter the fii Irt market 

Sole fUlets, especially Dover sole, are frozen to fiiffUl mUitary, 
uistimtion, or fish foroker orden. Sanddafos and rex sole are 
usuaUy marketed whole or dressed with head and fins removed 

CaUfomfe haUbut b Uie leadmg and most prized flatfish 
caught foy recreational anglen. Other ffetfishes taken by sport 
anglers are sanddafos, starry flounder, mrtxits, and petrale sole. 

Current management of flatfishes include areas closed to 
trawling and giU and trammel netting, minimum mesh size 
regulations, and in some cases trip limits on deep-water 
fish associations. 

Tom Jow 
Calffonua Department of Fbh and Game, Retired 

ROUNDFISHES 

SABLERSH 

History of the Fishery 

The safolefish (^noplopoma fimbria) resource off Calffor
nia has a lengthy histoiy of commerdal exploitation. Before 
Worid War II, landings averaged about 500 tons annually. By 
1935, annual landings had risen to 1,400 tons at a time when 
sablefish livers, because of their high vitamin A content 
commanded a higher price than the ecUbte parts of the fbh. 
Landings uiaeased to over 3,000 tons in 1945 due to strong 
wartime market demand then varied from approximately 770 
to 2,200 tons peryear until 1972. More intensive exploitation of 
safolefbh foegan in 1972 with the development and widespread 
use of sablefish traps, which proved highly effective. Distant-
water fishing fleeb from die U.S.S.R, Japan, and Uie Republic 
of Korea fished for safolefish off Calffomfe firom I%7 to 1979, 
catching refetiveiy minor quantities in most yean. However, in 
1976 Uie Repufolic of Korea reported catches of 9,500 tons off 
CaUfomfe. The estafoUshment of Uie U.S. 200-mile fishery 
conservation zone in 1977 phased out foreign fishuig in those 
waten; consec]uendy Japan, the principal foreign markrt for 
sablefish, became increasingly reUanton imports ofU.S-caught 
sablefisK Japanese demand for safolefish helped drive Calffor
nia lancUngs to a record high of 14,287 tons in 1979, followed foy 
a maikd coUapse the next year to just 5.141 tons. 

The first commercial sablefish landing Umib were im
posed coastwide in 1982 by Ute Pacific Fisheiy Management 
Coundl (Coundl). Prior to that time, market demand not 
resource avaifefoiUty nor quotas, was the ctominant force con-
ttolUng statewide sablefish landings. From 1982 va 1989, 
Coundl regulations constrained sfetewide sablefish landings to 
an average of approxiinately 6,175 tons. An/iual coastwide 
fendmg quotas remained at 19,183 tons ftom 1982 to 1984. Uien 
gradually decUned to 9.800 tons in 1990 as die stock was fished 
down to the recommended long-term target level. 

The economic iinportance of safolefish to Califomfe has 
maeased considerafoly in recent years. In 1989. sablefish, 
worth $3.63 million, ranked fourth in ex-vessci v-alue among 
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groundfish spedes. Sablefish are marketed commonly as 
"bfeck cod" and smaller fish are often filleted and sold as 
•Tiutterfbh." The high oU content of die flesh produces an 
exceUent smoked product, and most ofthe large individuals are 
sold domestically in this form. Sablefish are typically exported 
in frozen, dressed (headed-and-gutted) form. There is a large 
price difference with size. 

California commercial landings of sablefish, 1916-1969, 

management of sablefish foecame necessary in die 1980's to 
prev ent overexploitation and to accompUsh other management 
goals. Trip landing and frequency limits, a 22-inch minimum 
size lunit usei-gioup aUocations, as weU as more commonly 
used quotas and gear restriaions, have foeen appUed to the 
commerdal safolefish fisheiy foy the Coundl. Trip landing and 
frequency Umits prevent early quofe attainment, thadiy rechic-
ing the discard of sablefish tiy-catch in non-direded fisheries 
and providing year-round avaifefoiUty of fresh safolefbh to 
domestic consumen. The minimum size Umit, implemented in 
1983, prevenb die excessive hanest of juvenile safolefish. 
Quota aUocatton disttifoutes the harvest among user groups to 
achieve social and economic goals. Quotas and gear resttictions 
are designed to ensure die optimal long-teim harvest of sablefish. 

The sablefish resource is unique among west coast ground-
fishes, for the annual commercial catch quofe has tieen aUo-
cated between trawl and nontrawl gean since 1986. Trawl/ 
nontrawl aUocations, tased on historical shares and inddental 
catch reciuireitients, have ranged from 58:42 to 52:48 during 
1986 to 1990. Separate allocations are needed because trawl 
landing restrictions put trawlen at a disadvantage with 
nontrawl fishermen when footh groups compete for a joint 
cjuota Most nonttawl fishermen land only safolefish; thus an 
unrestrirted open fisheiy followed tiy a closure is acceptafole to 
them. Quota aUocation aUows each group to use their optunal 
hanest strategy within regufetoiy constraints. 

California commercial landings of sablefish, 1970-1991. 

Sport UtiUzation of sablefish b negUgifole, with rare in
stances of large catches when schoob of snaU safolefish concen
trate around pufolic pien. The depth distriliution of sablefish 
normally pfeces them focyond most sport fishing activity. 

Safolefish are capttired with longline. trap, foottom ttawl 
and giU net gean. Before 1943 sablefish were landed prind
paUy foy small two- to three-man km^ine fooats fbhing deep for 
large safolefi sh for the smoked fish market Catches foy trawlen 
foecame signfficant in 1944. The distributiCHi of landings among 
gear types has varied considerably ova time, fout foottom 
ttawlen have accounted for atxiut 70 percent of annual Calffor
nia landuigs in recent yean. 

Trawb and giU neb capmre safolefbh in mixed-spedes 
catches with a variety of other grouncffishes, whereas longUne 
and trap gean fergrt on safolefish. Off Calffomia, most ttawl-
caught sablefish are taken in asscx:fetion with Dover sole and 
Uiomyheads in deep (1.200-4,200 fert) water. Longlmes and 
traps are also fished at such depths for sablefish, but gUI net-
caught sablefish commonly are captured with rockfish at depths 
less than 900 feet 

Because of the immense fishing power of the west coast 
groundfish fleet and a robust market demand rather intensive 
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Sablefish, Anoplopoma fimbria. 

Status of Biok^gical Knowledge 

The geographic cUstrifoution of safolefbh extends from the 
Asfetic coast of the Bering Sea to northern Baja Calffomia 
Tagging stucUes foy the National Marine Fisheries Service 
(NMFS), Department of Fisheries and Oceans-Canada and the 
Alaska Department of Fbh and Game indicated that adult 
sablefish are relatively sedentary, as most fish were recaptured 
within 50 nautical nules of release sites. However, some safole
fish, particulariy those tagged in southem Calffomia, have 
moved in excess of 1,000 nautical miles. Adult safolefish are 
found from less than 300 to more than 4,800 fert deep, but peak 
abundance off Calffomfe is at about 1,200 to 1,800 fert. Lengdi 
and age generally increase with depth. 

The spawning season extencb ftom Ortober through Fetv 
luaiy. A central CaUfomia study drtermined da t spawning 
occun at deptiis greater than 2,700 fert. Initially, fenal safole
fish are found in surface waten ofi&hore; later they move into 
neanhore nurseiy areas. JuvenUes aggregate in water depdis of 
less than 900 feet Uien eventtially disperse as sufo-adults into 
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continental slope and abyssal areas. The diet of juvenUe safole
fish includes copepocb, amphipocb, euphausiids, fbh eggs, and 
fish larvae. Adults eat euphausUds, tuiucates, and fish. 

Approxunately 50 percent of female sablefish reach mam
rity at 23.6 uiches long and six yean of age off Calffomia 
Females grow fester than males from age two and attain a larger 
maximum size. Sablefish may attain an age of over 50 yean and 
reach a size of 47 inches and 126 pounds, but are usuaUy less 
than 30 uiches and 25 pouncb. Sablefish enter the trawl fisheiy 
as early as one year of age, but are fully selerted by trawl and 
nontrawl fisheries at ages four to six. Large, older fish are most 
seleaed by the trap and longUne fisheries. 

Status of Population 
For management puiposes, a unit stock b assumed to exist 

in waters off Calffomfe to die Canadian border Considerable 
progress has been made in the I980's towards understanding 
the dynamics, structure, and size of thb stock. Two types of 
fisheries-independent suneys were condurted by the NMFS, 
triennial groundfish trawl suneys (initfeted in 1977) from 
Monterey Bay to the Canadian bolder and biennial s^lefish 
trap siuveys in the INPFC Conception to Eureka areas (Mexi
can border to 43*" 00' N fetimde). In adcUtion, a systematic 
fendings sampUng program and trawl logbook data provided 
insight into catch-per-effoit, and age- and length-composition 
ttends. In general, these disparate data seb presented a some
what equivocal pictiue of stock status in Calffonua wateis. 

Bonom trawl grouncffish surveys were conduaed on the 
continental sheff in 1977,1980,1983,1986. and 1989. Suney 
samples from the sheff area off Calffomfe for fish greater than 
16 inches (approximately two yean and oider) exhibited no 
apparent ttend m abundance over thb time series. Similariy. 
sablefish trap suneys in 1984. 1986. and 1988 revealed no 
ttend in sablefbh abundance off Calffomfe. Age composition 
from the 1986 trap survey (the only avaifeble trap suney age 
daa) revealed a considerable proportion of old (age 20 and 
older) individuals. Trawl fishery length and age distnliutions 
from 1986-89 were relatively sfeble, revealuig no pronounced 
flucmations in year class sttength. These dafe depicted a stafole 
sablefish populauon over this time pericxi. However catoh-per-
effort data, from Calffomfe ttawl logs for the period 1978-1987 
for the depth interval with the greatest historical fendings 
suggested a 42 peicent dedine in fbhable biomass. It b unclear 
whether this dedme b nai or b attribufeble to other causes. 

A comprehensive coastwide sablefish stock assessment by 
NMFS sdentists in 1990 cakaitaled dat the biomass of sablefbh 
three yeanold and older in the INFFCConception-Eurekaaieasm 
1990 ranged from 59,500 to 140,000 tons. Tlie best estimate was 
beUeved to be 96,600 tons, which was alxTve die level cak:ufeled to 
produce a maxunum sustainable yidd of 4,850 tons. 

Frands D. Henry 
Califomfe Department of Fbh and Game 
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PACIFIC HAKE 

History of the Rshery 

The Pacific hake (Merluccius productus), also known as 
Pacific whiting, makes up over 50 percent of the potential 
annual hanest of west coast groundfish off Washington, Or
egon, and Calffomia and is the largest groundfish resource 
managed under the Pacific Groundfish Managemeitf Plan. 
Pacific hake was considered an underatilized domestic spedes 
until 1991, the fust year tiie entire hanest was captured and 
processed by the U.S. seafocxi industty. 

The fisheiy has been multi-national in charaaer, laving 
foeen exploited commerciaUy since tiefore 1900 foy the U.S. 
fishing industiy and smce 1966 by foreign fleets. U.S. fisher
men hanested the entire annual hake quota in 1989, eUminat-
ing the foreign direrted fishery. 

A small domestic fisheiy has existed for coastal hake since 
at least 1879. Most catohes prior to 1960 were made uiddentai 
to the pursuit of more valuafole trawl-caught spedes and were 
either discarded or deUvered to reduction plants produdng 
animal food and fish meal. The average annual Calffomfe catch 
from 1959 to 1966 was 248 tons. 

In 1964 the National Marine Fbheries Service, Seattie, 
ctemonscrated diat laige catches of hake (to 60,000 pounds per 
haff-hour haul) could foe achieved off coastal Washmgton and 
Oregon usmg newly developed depth tdemetiy systems on 
ferge midwater trawlen. This fbhery grew from 484 tons m 
1964 to 15,883 tons in 1967. 

Knowledge of the large hake resource off the west coast 
attracted a large fleet of Sovirt trawlen and accompanying 
support vesseb in 1966. Between 1973 and 1976, Poland Uie 
Federal RepubUc of Germany (West Germany), the German 
Democratic Republic (East Germany), and Bulgaria entered 
die fisheiy. Japan also partidpated in die fishery foefore 1977; 
dieir peak hanest was 9,104 tons in 1974. The estimated 
catches of Pacific hake during this period of expansion ranged 
from 130,000 tons to 262,000 tons. Catches peaked in 1976 and 
were subse({uenUy reduced due to restriaions on foreign effon 
imposed by the Magnuson Fisheries Consenauon and Man
agement Art (MFCMA) of 1976. 

109 SMB-26845 FISH RESOURCES 



• ' r 

CaUfomia commercial bndings of ftcific hake, 1916-1969. 

Calffomia commercial landings of Pacific hake, 1970-1991. 

Two types of fishing operations involving foreign vesseb 
were conduaed off Washington, Oregon, and northern Califor
nia after the implementation ofthe MFCMA m 1977. In one 
fishery, known as the foreign trawl fishery (sometimes called 
die "directed fishery"), fish are caught and processed foy foreign 
vessels. In a second fishery, known as the joint venture (TV) 
fishery, U.S. trawl vessels deUver their catch to foreign process
mg vessels at sea 

Trawl net fuU of Padflc hake. 

The joint venmre fisheiy for Padfie hake started in 1978 
between foreign nations and the United States and Canada 
Consistent with the intent of the MFCMA to encourage 
development ofdomestic fisheries, landings of hake declined in 
the foreign directed fishery while increasing in the JV fishery. 
In 1978 the foreign catch amounted to 98 percent of the total 

hake catch m the U.S. management zone. The foreign catch 
declmed to 11 percent ofdie total by 1988, and m 1989 there was 
no foreign catch. 

Combmed U.S. and Canadian hake catches were foelow die 
recommended quota harvest leveb from 1977 to 1986. In 1987, 
die combined catoh exceeded die acceptable biological catch for 
the first time, leacUng to fiUl utiUzation ofthe coastal stock. The 
1989 combmed catch reached 340,000 tons, die largest yield 
since the inception ofthe fisheiy. 

AlUiough shore-tased deliveries of Pacific hake have 
grown, they have comprised less than five percent ofthe total 
annual foreign and domestic hanest since 1978. The ctomestic 
shore-based fisheiy has been concentrated off noithera Calffor
nia wiUi processing planb at EurdcaandCrescentCity. Calffor
nia landings have increased from 41 tons in 1980 to 7,772 tons 
m 1989. 

The Padfie hake has foeen given litde respert. It has foeen 
considered a trash fish foy conunerdal fishermen and a nuisance 
species by sports fishermen, who have descrifoed it as a swim
ming sausage witii a foig mouth. It could not even go to markrt 
under its own name (hake), fout had to assume the moniker of 
whiting to please finicky fouyen. Its reputation was tamished 
even fiirther when it was discovered that the muscle tissue of 
one-haff to one-third of the coastal stock of hake contained a 
myxosporidian parasite which triggered rapid postmortem 
enzymatic decomposition ofthe flesh. The fbh had to foe chilled 
processed and frozen within four to six houn ofhanest Freezing 
stops the decompositton and rapid high-temperamre cooking 
prevents fiuther decomposition during preparation 

Despite aU its shortcomings, the Pacific hake fishery repte-
sents the archetypical high-volume, low-vahie fisheiy (ex-vessel 
prices have ranged ftom $0.04-$0.08 per pound). It b popular witii 
anyone who appredates high quaUty proteui at barpin prices. It 
contauis, on average, atxxit 15 percent proteui and tiiree percent 
fat Domestic produrtion has foeen primarily geared towards the 
frozen headed-and-gutted market, shipped in high volume on a 
penny-a-pound margm. Markrt expansion has foeen towaids fillet, 
breaded products, and high grade surimi consumers. 

Economic oontritxitions to the Pacific coast states of hake 
hanesting/processing varies according to produrt form and har
vest/processing mode. Each pound harvested and processed in 
headed-and-gutted form contributes about $0.38 per round pound 
For surimi, the contribution bfoetween $0.27 and $0.32 pci round 
pound The 1991 hake fisheiy b experted to have a cumufetive 
impaa of $140 nullion to $151 nulUon on the state economies. 

The Pacific hake fisheiy in the 1990's will probably 
uivolve a redistribution of the catch among processon radier 
than an mcrease in lancUngs. Growth in west-coast processing 
capadty could come from either existing Alaskan at-sea proces
son which move soutii or from inCTeased shore-based process
ing The demand for Pacific hake foy processon greatly ex
ceeded the amount avaifeble for the fust time in 1991 Most of 
the expeaed inaease in domestic production comes from 
displaced at-sea fish processon which were built to hanest 
pollock resources in Alaska Reduced quotas, shortened sea
sons, and excess fishing capadty in Alaska have forced these 
vessels to seek otiier opportunities, such as the hake fisherv lo 

FISH RESOURCES 110 SMB-26846 



mamtain a continual revenue base throughout the year. Most of 
the technology used for pollock is direaly ttansferable to hake. 

An enzyme inhibitor has foeen developed recently which 
eliminates texture degradation of minced Pacffic hake and 
allows for the use of hake in the vast production of "surimi," a 
highly refined form of minced fish. Surimi is used by the 
Japanese in "kamaboko" products and in die United States for 
the production of imiation a a b meat, scallop, and shrimp 
products. The U.S. market of surimi has grown from afoout 
60,000 tons in 1985 to over 276,000 tons m 1989. 

Pacific hake, Merluccius productus. 

Status of Biological Knowledge 

Padfie hake are cUstributed from the Guff of Alaska to the 
Guff of Calffonua Four major spawning aggregations of Pa
cific hake have been idehttfied within this area. The most 
abundant and widely distrifouted stock (which b the subject of 
thb report) spawns foetween centtal CaUfomfe and northem 
Baja Calffomfe and is referred to as the "coastal stock." Two of 
these aggregations are generaUy referred to as the "uiside 
stocks"; they live and spawn in Pugrt Sound and the Strait of 
Georgia A fourth major spawning aggregation occun off the 
west coast of southem Baja Calffomia 

The hake which spawn in Pugrt Sound during winter are 
considered a separate genetic stock from oceanic coastal hake. 
Puget Sound hake spawn and live their Uves entirely within 
Puget Sound are smaU in size (14-18 inches total length), and 
feck the specffic myxo^ridian parasite which causes rapid 
postmortem flesh decomposition in coastal stocks. The differ
ences in parasitization between inside and ofishore stocks 
mdicate die absence of interchange tietween popufetions. 

The oceanic coastal stock of adult Pacific hake b migratoiy 
and inhabits the continental slope and sheff within the Calffor
rua cunent system from Baja Calffonua to British Columfofe. It 
is often classified as a demenal spedes (living on or near the sea 
lied), but its distributioo and behavior suggesb a pelagic 
exbtence. It exhibib extreme night and day movement diuing 
spring and summer feeding migrations as it feecb on a variety of 
pefegic fishes or animal plankton It is commonly found at 
depths of 160 to 1,500 feet, but has been found from die siufece 
to 2,600 feet 

Coastal Pacffic hake are pefegic spawnen which spawn 
during late winter and early spring (Decemfoer to April) from 
San Frandsco to Baja Calffomfe at depUis of 660 to 1,600 fert 
and as far as 300 miles offshore. Active spawnen aggregate in 
broad loose, sfetionary foands which can be up to 150 feel Uiick 

Coastal stock females mamre at 16 inches tofel length or 
ferger, and at weighb greater than 0.9 pounds. These minimum 
sizes are achieved by some three-year-old fish and most four-

year-old fish. Fecundity estimates range from 80,000 to 
500,000 eggs per female, depending on body size. The pelagic 
eggs drift with the cxxan cunents and hatch in about three days. 
Lan al hake are abundant from December tiuough April wi tiiin 
25 mUes ofthe coast from central Calffomfe to northem Baja 
Calffonua Peak occurrences of eggs and small lanae pinpoint 
January and Febmaiy as the chief spawning months The majority 
of eggs and fervae are found over the areas ofdie continental slope 
where bonom depdis ranged from 430 to 1,640 feet 

Hake reach afoout 70 to 75 percent of their maximum 
length and about 50 percent of their maximum weight tiy 4.3 
years, the age of sexiial maturity and the onset of differential 
growth foetween the sexes. Average maximum sizes are 22 
uiches folk length (FL) and 2.25 pounds for males, and 24 
uiches FL and three pounds for females. The largest female 
hake measured off Calffomfe was 34 mches FL. 

In spring, adult hake migrate north in deep water overlying 
the continental slope to the sununer inner-sheff feeding 
grounds off northem Calffomia, Oregon, Washington, and 
V^couver Island Large spawned-out hake arrive off San 
Frandsco foy early March, offOregon and Washington by the 
third week in April and off Vancouver Island by fete May The 
lead schools contain the largest adults, travel north at a rate of 
three to six miles per day, and make the most northerly 
migration Hake caught from Oregon to Vancouver bland 
range from 16 to 18 inches FL and are four to 10 yean old 
Juverules are concentrated off central and northem Calffomia; 
Pacific hake less than four yean old and less than 16 inches FL 
are rarely foimd north of Cape Blanco in soulhem Oregon 

When northward-migrating hake uihafoit waten overlying 
die continental sheff and slope, they form schools w hich may be 
characterized as long, narrow bands whose axis is usually 
oriented paraUel to the depth oontoun. Exceptions to dus 
generaUty are those schoob which align perpendicular to the 
edge of the continental sheff and extend offshore at a unfform 
depth, such that they are high offthe bottom over the continental 
slope. School sizes may vary in length from several hundred fert 
to 12 mUes. The widths of schoob have readied 7.5 miles at times. 
Most schoob usuaUy have a vertical height of 20 to 70 feet 

Diuing the sununer when feeding adults are distributed 
over the continental sheff, schools exhibit pronounced move
ment into midwater assocfeted with night-tune feeding aaivi
ties. Hake feed during the evening on euphausuds, shrimp, and 
pefegic fishes. Vertical movement away firom the seabed occun 
at nightfeU and descent back towanb the bottom occun near 
dawn. At dawn, coastal hake descend and begin to regioup uito 
schools near the seabed (7 to 70 fert afoove die ocean floor), 
usuaUy in the same area where they were the cfey before. The 
degree to which hake congregate during the day appean to foe 
refeted to the type of food which was avaUable during the 
feeding period Schoob are more dispersed when feedmg on 
fish and cither mobile nekton, but more compart w hen feeding 
on eUphausiicb. 

The southward spawning migrations ofthe adults begins 
m autumn and may be triggered t^ the shift of wi nd dirertion Ul 
die faU and the appearance of die Davidson currcnl The schoob 
begin Uieir retum migration by early September moving west
erly over the continental slope and southward AvaiUbUity of 
Pacific hake to txmom and mid-water travels off Oregon, 
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Washuigton, and Vancouver Island drops sharply in Novemlier 
and is practicaUy nU diuing winter 

Hake are a favorite prey for a great many aeatures, 
espedally marine mammals such as seals, sea Uons, porpoises, 
and small whales. Hake have also been found in the stomachs of 
swordfish, Ungcod soupfin sharics. Pacific haUfout, electric 
rays, and an assortment of other piscivorous fishes. 

Status of Population 

The coastal Pacffic hake fishery has been charaaerized 
tiiroughout ib histoiy foy inegular occunences of sttong year 
classes which appear afoout eveiy three or four yean and remain 
in the fishery for about five to seven yean. Recruitment is highly 
variable and appean to be strongly influenced by oceanic 
environmental concUtions, especiaUy wata temperature at the 
time of o w n i n g The cunent fisheiy is being supported by the 
1980, 1984, and 1987 year classes, which contributed 24 
percent, 42 percent, and 26 percent respectively towards the 
total U.S. hake catch ui 1990. 

The prospects for the Pacific hake resource in the immecU
ate fiimre are for stafole or declining yields, depending on the 
timing of the next strong year class. An assessment suney 
conducted foy the National Marine Fbheries Service in 1989 
estinated the popufetion foiomass at 1.804 miUion tons, a 
decline of 24 percent from estimates made during a previous 
suney in 1986. The 1989 siuvey also found that there was no 
signfficant recruitment to the popufetion since the 1984 year 
class and that 88 percent ofthe population biomass was age five 
and older The total hanest ofPadfic hake by the U.S. and 
Canada in 1990 was 296,000 tons, down from a high of 341,000 
tons in 1989. The potential coastwide yield including Canada, 
for 1991 b calculated tobe 359,000 tons. 

Lawrence F. Quirollo 
Calffomfe Department of Fbh and Game 
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fisheries, only recently has it become an important commerdal 
species m Calffomfe. Prior to 1976, few opah were landed ui die 
state, but landings uiaeased dramatically foUowing the open-
uig ofthe drift giUna fbhery. From 1976 to 1989, a total of 
1,660,856 pounds of opah was fended in Calffonua Annual 
landings ranged ftom zero to 516,126 pounds with the highest 
landuigs m 1984, foUowing die El Nifio event of I982-I983. 
About 99.9 percent of Uie fendings occunedfrom 1981 to 1989, 
with an annual average of 184,266 pouncb. Most ofthe opah 
catch was from Santa Barfoara to San Diego firom depths of 18 to 
78 feet m drift giUneb set at die surface. LongUne fish are taken 
Ul excess of 1,000 fert deep. 

OPAH 

History of the Rshery 

Aldiough opah (Lamprisguttaius) hasbeen taken indden
taUy in the Pacific halifout sarduie, salmon and alfoacore 
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Calffomia commercial landings of opah, 1981-1991 

Commercial landings of opah off Calffomfe from 1976 to 
1989 had a total ex-vessel value of $533,206, wiUi neariy all of 
that value coming in the 19gl-1989period The ex-vessd value 
per pound ranged from $0.10 in 1976 to $0.58 in 1981, witii a 
mean value of $0.40 firom 1981 Uurough 1989. The retaU price 
of fresh opah ranges as high as S5.00 per pound 

Opah are caught inddentaUy in the sport fisheiy for 
albacore from British Columbfe to Baja California, aldiough 
most are taken in southem Calfforma firom the Channel Islands 
to the Coronado Islands, just south ofthe U.S.- Mexico foorder 

- Sport fishermen using alfoacore gear take opah with Uve foait or 
artifidal lures, which are hit tiy c^iah with considerable fiiry. 

Opah flesh b tasty, can be prepared in a wide variety of 
ways, and is exceUem when smoked The salmon-colored flesh, 
darker over the pectoral fin, b veiy fatty just tielow the skin but 
b otherwise rich, diy, firm, and ddicate. 

Status of Biotogtoai Knowledge 

Opah b a West African name. Also caUed African pompano, 
giant pompano, Hawaiian moonfish, moonfbh,mariposa, and 
Jerusalem haddock, die opah has a compressed oval foody widi 
a small toothless mouth, an iridescent sUveiy-blue suiface widi 
w hite spob. and scarirt fms and mouth. It's forked caudal fin b 
probably used for low-speed swimming, footh the caudal fm and 
body for acceleration, and die modcratdy long pertoral fins for 
mainaming normal crabing speeds. 

Opah occur woridwide in temperate and ttopical seas. Ui 
die eastem Pacffic. they occur from Chile to Guff of Alaska but 
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are generally uncommon off CaUfonua AU Ufe sages of tius 
species are pefegic and oceanic, occuning from die sea surfece 
to a deptii of 1680 fert. Seasonal movements are not known ui 
the northeastem Pacffic but in tiie northeastem Atiantic, opah 
move into die North Sea and waten off Norway in die summer 

Opah, Lampris guttatus. 

Spawning locations and seasons are not known. However, 
a ripe incUvidual was taken in the spring off Calffomia. Neither 
fecundity nor the size of extmded eggs are known, but fenae 
range from 0.2 to 0.4 inches. By 0.4 mches opah resemble 
miniature adulb m body form, have a complete srt of fm rays, 
and are considered to be juveniles. Size and age at mamrity are 
not known, fout fish up to at least eight inches are juvenUes and 
those greater than 41 inches are adults. Opah are known to grow 
to at least 54 mches (4.5 feet) m length, altiiough they have been 
reported to reach 72 inches (6.0 feet). They are known to reach 
a weight of at least 160 pounds but are reported to reach 500-600 
pounds. The maximum age of an opah b not knowa 

Lanae or juvenUes probably eat small planktonic organ
isms. As adults, opah are midwater precfeton that eat cephatopods, 
crustaceans, and bony fishes sucii as anchovy, lancetfish, and 
cutiassfish. Aside from man, predaton of c^ah are not known 

Status of Population 

The size of the opah population worldwide or off Calffomfe 
is not known. Opah are protafoly solitary fish and few are taken 
at any one time. Because the popufetion b woridwide in 
temperate and tropical seas, landings from Calffomia piobably 
have littie impact on the spedes as a whole. It b not known 
whether local subpopulations exbt or how far individual opah 
ttavel. ff recent landuigs reflert the local avaifefoiUty of die 
species, then the species b lUcely to become more abundant off 
Calffomfe following El Niito evenb. AlUiough commerdal 
fendings of opah are recorded foy die Calffomia Department of 
Fish and Game, opah b not presentiy a target spedes and the 
fisheiy is not managed 

M James Allen 
MBC Applied Enviionmenlal Sciences 
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LOUVAR 

History of the Rshery 

Off Calffomia, louvar (Ltivarus imperialis) arc taken inci
dentally foy drift gUl nets and foy pune seines set foi foluefm tuna 
They are also occasionally found stranded on the foeach or 
drifting dead at the sea siufece. They seldom are caught by 
reaeational fishermen 

From 1984 Uuough 1989, a total of 48,796 pounds was 
landed in Calffomfe; annual landings ranged firom zero to 
18,009 pounds, wiUi die highest landings Ul 1984, followingthe 
El Niiio event of 1982-1983. About 63 percent ofdie landings 
occuned from 1987 through 1989 with an average of 
10,262 pounds per year. Most ofthe catohes were from Sana 
Baifoara to San Diego, with past catehes tieing highest near San 
Clemente Island. In thb drift giUnet fisheiy, louvar are caught 
at depdis of 18 to 78 feet 

Landuigs of louvar off Calffomia firom 1984 through 1989 
had an ex-vessel value of$68,288,wiUi82 percent of the value 
occurring ftom 1987 through 1989. The ex-vessel price p a 
pound ranged from $0.83 in 1984 to $2.82 in 1988, wiUiamean 
Ul the 1987-1989 period (^$2.25. Louvar flesh b deUcate and 
white, and b considered foy many fishennen to foe among the 
most delicious of fbhes. 

Status of Biotogical Knowledge 

Thb striking ttma-Uke fish has a strongly compressed body 
and a blunt head with a smaU, teiminal toothless mouth and a 
horizontal groove afoove the eyes. The caudal fm is lunate with 
a keel on the caudal peduncle. Males have long fUaments ui 
front ofthe soft dorsal and anal fins. Adulb have frodiy pink 
foodies covered with darie spots and crimson fun aldiough afta 
death die foody tums sUveiy. Except for die folunt head louvan 
are adapted for rapid swimming, with their lunate caudal fins 
and keeled caudal peduncles. When swimming slowly, louvar 
presumably scull wiUi their caudal fins. 

Louvar occur woridwide in temperate and ttopical seas. In 
the eastem Pacffic, they are found from central Washington to 
ChUe Although generaUy uncommon, they are relatively abun-
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dant in southem Calfforma All Ufe stages of this spedes are 
pelagic and oceanic. Adults occur from the sea surface to a 
depth of 1.970 feet but most are found at depths below 660 feet 

)The lanae have foeen taken at temperatures of 70.9-82 2° F. 
Spawning occun in temperate waten foetween 40° N and 40° S 
latimde, from fete spring to summer in the northem hemi
sphere. A ripe mdividual was taken off Mono Bay, Calffomia 
in May. Louvar fecundity is vety high, which b typical of 
nonschooUng, oceanic fishes; a female 66.9 inches (5.6 feet) 
long had a fecundity of 47.5 milUon eggs. 

Louvar, Luvarus imperialis. 

Lanae range from 0.14 to 0.42 inches in length. The 
lanae and small juvenUes look suffidently different from the 
adult dat Uiey were once Uiought to be different spedes. They 
have sttong, serrated dorsal and anal ^ ines and a short liody. 
The smallest juveniles have lon^ deep fins and dark spots on 
die foody. Larger juvenUes (four to dg^t inches) are similar to 
the adult but have longer dorsal and anal fins. 

The size and age of louvar at maturity b not known; however, 
a 295-pound female was mature. Louvar grow to at least 74 inches 
(6.2 feet) m lengUi and 305 pounds. FVyaiisf: the otoUUis are tiny 
and not usefiil forageuig the maximum age b unknown. 

As midwater browsen, they feed primarUy on gefetinous 
zooplankton such as jeUyfish, rtenophores, and salps (includ
mg pyrosomes) but occasionally eat smaU fish. Only about 20 
percent ofthe louvar taken have had food in their stonachs. 

The louvar stomach b Uned with numerous papiUae and 
die coiled intestine is extrenKly long The intestine of adulb b 
about dght to nine times as long as the fish. These features 
piesumably are acfepfeuons for feeding on jeUyfish. 
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An eight-uich louvar was found ui the stomach ofa wahoo. 
Otherwise, precfeton other than man are not known. Louvar 
guts are often parasitized by digenean trematodes. 

Status of Population 

The size ofthe louvar population worldwide or off Calffor
nia b not knowa Louvar are soUtaiy fish and few aie taken at 
any one time Because the population is woridwide in temperate 
and ttopical seas, landings ftom Calffomia probably have Unle 
unpart on the spedes as a whole. It b not known whedier local 
subpopulations exist or how fer incUvidual louvar travd. ff 
recent landings reflert the local avaUabUity of die spedes, dien 
the species is Ukely to become more abundant off Calffonua 
foUowing El Nifto events. AlUiough commercial landings of 
louvar are recorded by the Calffomfe Department ofFish and 
Game, die louvar b not presendy a targrt spedes and die fishery 
b not maraged 

M James AUen 
MBC Applied Environmenlal Sdences 
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ROCKFISHES 

ROCKFISHES: OVERVIEW 

History of the Fistiery 
Rockfishes (Sebastes spp.) comprise one of the most 

important groups of commerdal and recreational fishes, from 
tiie standpomt of economic value and foiological cUvenity, 
occurring off the coast of CaUfomfe. Fifty-nine spedes are 
known from our marine waten, of which over 85 percem are 
utilized eidier in commercial or sport fisheries. In the scheme of 
classificatioa rockfishes lielong to the family Scorpaenidae or 
Korpioitfishes. In addition to the genus Sebastes, five other 
mcmfocn of the family are known from CaUfomian waten: the 
shortspine itiomyhead (Sebastolobus alascanus), longspine 
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Uiomyhead (Sebastolobus altivelis), Calffomia scorpionfish 
(Scorpaena guttata), stone scorpionfish (Scorpaena mystes), 
and rainfoow scorpionfish (Scorpaenodes xyris). The 
Uiomyheads are important commerdal trawl fishes, while the 
(California scorpionfish b taken footh commerdaUy and as a 
sport fish. These three spedes are treated in their own sections. 
(Editor's note: Until Uie niid-1980's, all fendings of Sebastes 
and Sebastolobus were aggregated as rockfish. In recent years, 
fendings are reported foy spedes and groups of spedes.) The 
stone scorpiorffish and rainliow scorpionfish are tropical spe
des which are rare in Calffomian waten and their occurrences 
are most likely conelated to warm-water evenb such as die El 
Niito of 1982-1984. 

Rockfishes have foeen utiUzod commercially smce the mid-
1800's, and many ofthe qiedes were originally descrifoed from 
maikrt samples taken during this period foy such dbtinguished 
ichthyologisb as David Stan Jordan, Charles Girard WUUam 
Ayres, Charles Gilbert, and Cari and Rosa Eigenmana Rock
fish historically and cunentiy are sold primarily under the 
names of lockcod red snapper, and snapper These names are in 
fart misnomers as rockfishes are neither cods (family Gadidae) 
nor snappen (fanuly Lutjanidae); however, the names are weU 
enttenched and are for the most part understood by the con
sumer. For many yean the rockfish catch was marketed fresh, 
sold both in the round and as fUlets. Recentiy, much ofthe catch 
has been processed as frozen fiUets. The carcasses that remain 
after filleting are often reduced to meal for Uvestock and poultry 
feecb. A certain number of "frames" are also sold to a a b 
fishermen for baiting ttaps. Small species which are considered 
unmarketable due to size have been used for meal or at times for 
mink food 

Species such as bocacdo and chUipepper have been primarily 
(Ximmerdal species and are covered in their own chapten. Blue 
and olive rockfishes are principaUy sport spedes and are also 
covered in mcUvidual chapten. As recreational fishermen have 
developed the capabiUties to fish at depths in excess of 600 fert 
and are now approaching the 1,200-foot mark, roc^shes 
which m die past were taken only tiy commercial vesseb are 
now becoming a greater part ofthe sport take. These rcKkfishes 
mclude such deep-water forms as bank, blackgUl chameleoa 
rougheye, shaipchia and odier spedes previously beyond the 
range ofthe hook-and-Une angler. A number of rockfishes are 
not covered in uidividual chapten and these are for the most 
part the small uncommoa or UtUc-utUized species. 
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CaUfomia commercial landings of rockfuh, 1970-1991. 
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California commercial passenger-carrying fishing vessel 
landings of rockfish, 1947-1969. 
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California commercial landings of rockfish, 1916-1969. 

California commercial passenger-carrying flshing vessel 
landings of rockfish, 1970-1991. 

Status of Biological Knowledge 

Rockfishes range ui size ftom small dwarf spedes such as 
dwarf-red, Puget Sound and pygmy rockfishes which seldom 
exceed six uiches in length to the gigantic forms such as cow 
cod yelloweye and shoitraker rockfishes w hich can reach over 
36 inches in length and 40 pounds m weight 
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GeographicaUy, rockfishes occur in both the Atlantic and 
Pacific oceans. However, the vast majority of species are found 
Ul Uie North Pacific Oceaa and die greatest number of these 
exbt foetween the Guff of Alaska and centtal Baja Calffomia; 

' several spedes are also present within the Guff of Calffomia 
The copper rockfish is an example of one of the most broacUy 
distributed spedes, known from the Kenai Peninsufe, Alaska to 
the San Benito bfends off Baja CaUfomfe. Other species have 
more restriaed dbtributions, such as the bfeck-and-yeUow 
rockfish, which ranges from Eureka to central Baja California 

BaUiymetrically, rockfishes occur from Uie intertidal to 
over 2,400 fert. Grass and bfeck-and-yeUow rockfishes and 
tteefish are examples of shaUow-dwdling species which are 
found most commonly at depths of less than 60 feet; grass 
rockfish are often taken intertidaUy Pacific ocean perch and 
rougheye rockfish occtu at maximum depths (more Uian 2,000 
fert) for memben ofthe genus. 

Rockfishes occur on and over various types of substrate 
induding nxky bottom, siltstone, shale, sand and mud The 
assodation with substrate type is often quite specffic. Gopher, 
black-and-yeUow, and China rockfishes are rocky-bottom 
fishes, while brown and recfoanded rockfishes occur on lower 
profde siltstone. Several neanhore ^Tccies show a strong 
affinity for kelp forests; induded in this categoiy are blue, kelp, 
and olive rockfishes. A pefegic, midwater existence tiest de
scribes such species as shortbeUy, speckled, squarespot, and 
bank rockfishes. 

Mode of reproduaion is an important charaaeristic ofthis 
group and las tieen die focus of numerous scientific stucUes. 
R(x:kfishes are ovoviviparous, or live-tiearing, the females 
releasing hundrecb of thousands of refetiveiy undeveloped 
lanae. These larvae become part ofthe plankton and remain m 

the water column for a period of one monih to in excess of one 
year, depending upon spedes. The lanae then settle out as 
juveniles, often in assodation with the bottom 

Fcxxl items utilized by rockfbhes vary widely and are often 
species specific. Juvenile rockfishes most conunonly feed upon 
miaocrustaceans, prectominately copepocb. Subadult and adult 
rockfishes feed pr^minately on laiger crustaceans, cephaio-
pocb, and fishes. Bocaccio feed heavily on the young of odier 
rockfishes. Young-of-the-year bocacdo are at times a major 
predator on young-of-the-year blue rockfish. AU fenal and 
juvenile rockfishes are important luiks in the food chain of Uie 
marine ecosystent Shortbelly rockfish, for example, are major 
prey for chinook salmon off northem Calffomia 

As might be surmised foy the numfoer of species which are 
found in CaUfomian waters, our foiological knowledge for the 
various spedes of rockfishes varies greatiy. Blue and oUve 
rockfishes and foocaccio are spedes for which Ufe-histoiy 
parameten have foeen well estabUshed At die other end ofthe 
spectrum, semaphore and dwarf-red rockfishes are spedes 
which are known from fewer than seven spedmens. The 
divenity ofthe genus Sebastes oSCalitomia makes it one of our 
most fascitating groups ofmarine fishes. 

Status of the Resource 
For many ofthe rockfishes our understancUng of populatton 

size and their biotogtoai charaaeristics is incomplete. Within die 
sdentific commuruty there are concems about die general status of 
rockfish stocks and the potentfel for over utiUzation 

Robert N. Lea 
Calffomfe Department of Fbh and Game 

Rockfishes Known to Occur off Califomia and Their Importance to Commercial and Recreational Fisheries. 

COMMON NAME SCIENTIFIC NAME IMPORTANCE' 

Aurora rockfish 
Bank rockfish 
Black rockfish 
Black-and-yellow rockfish 
BlackgUl rockfish 
Blue rockfish 
Bocaccio 
Bronzespotted nxkfish 
Brown rockfish 
Calico rockfish 
Canary rockfish 
Chameleon rockfish 
Chilipepper 
China rockfish 
Copper rockfish 
Cowcod 
Darkblotched rockfish 
Dwarf-red rockfish 

FISH RESOURCES 

Sebastes aurora 
Sebastes rufus 
Sebastes melanops 
Sebastes chrysomelas 
Sebastes melanostomus 
Sebastes mystinus 
Sebastes paucispinis 
Sebastes gilli 
Sebastes auriculatus 
Sebastes dalli 
Sebastes pinniger 
Sebtistes phillipsi 
Sebastes goodei 
Sebastes nebulosus 
Sebtistes caurinus 
Sebastes le\'is 
Sebastes crameri 
Sebasies rufinanus 
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Rockfishes Known to Occur off Califomia and Their Importance to Commercial and Recreational Fisheries. 
(continued) 

COMMON NAME SCIENTIFIC NAME IMPORTANCE' 

Flag rockfish 
Freckled rockfish 
Gopher rockfish 
Grass rockfish 
Greenfolotched rockfish 
Greenspotted roc^sh 
Greenstriped rockfish 
Halfbanded rockfish 
Honeycomb nxrkfish 
Kelp rockfish 
Mexican roc^sh 
Olive rockfish 
Pacific ocean perch 
Pink rockfish 
Pinkrose rockfish 
Puget Sound rockfish 
Pygmy rockfish 
QuUlback rockfish 
Redbanded rockfish 
Redstripe rockfish 
Rosethom rockfish 
Rosy rockfish 
Rougheye rockfish 
Semaphore rockfish 
Sharpchin rockfish 
Shortbelly rockfish 
Shortraker rockfish 
Silvergray rockfish 
Speckled rockfish 
SpUmose rockfish 
Squarespot rockfish 
Stany rockfish 
StripetaU rockfish 
Swordspine rockfish 
Tiger rockfish 
Treefish 

V^rmUion rockfish 
Widow rocjcfish 
YeUoweye rockfish v 
YeUowmouth rociefisb 
YeUowtaU rockfisb 

Sebastes rubrivinctus 
Sebastes lentiginosus 
Sebastes camatus 
Sebastes rastrelliger 
Sebastes rosenblatti 
Sebastes chlorostictus 
Sebastes elongatus 
Sebastes semicinctus 
Sebastes umbrosus 
Sebastes atrovirens 
Sebastes macdonaldi 
Sebastes serranoides 
Sebastes alutus 
Sebastes eos 
Sebastes simulator 
Sebastes emphaeus 
Sebastes wilsoni 
Sebastes maliger 
Sebastes babcocki 
Sebastes proriger 
Sebastes helvomaculatus 
Sebasies rosaceus 
Sebastes aleuticus 
Sebastes melanosema 
Sebastes zacentrus 
Sebastes jordani 
Sebastes borealis 
Sebastes brevispinis 
Sebastes ovalis 
Sebastes diploproa 
Sebastes hopkinsi 
Sebastes constellatus 
Sebastes saxicola 
Sebasies ensifer 
Sebastes nignxinctus 
Sebastes seniceps 
Sebastes miniatus 
Sebastes entomelas 
Sebasies ruberrimus 
Sebastes reedi 
Sebastes flavidus 
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' Symbols defined C - commeicial, S - recreaticnial cr sport, U - uncommon, o - occasionally taken. Rare • spedes vvhich are eidier very pooriy known 
or which have only been encountered in a few cases in Calffomia E.g., Ŝ  represents a recreational spedes which is only occasionally taken in the 
sport catch. 

BLACK ROCKFISH 

History of the Rshery 

Black rockfish (Sebastes melanops), also known as blade 
bass and black snapper, occur in the commercial and spon 
fisheries of Calffomia; however, they comprise only a moderate 

proportion of these fbheries. Eureka is die only pon where 
black rockfbh are numerous in the commercial catch In recent 
years, the commerdal landings of bfeck rockfish have fluau
ated from 42,402 pounds fended in 1987. wnh a value of 
$15,458, to 229,663 pounds landed in 1989. widi a value of 
$82,558. 
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Black rockfish. however, do constimte an unportant sport 
species to hook-and-line fi'-hermen in northem and centtal 
Califomia Soutii of Point Conception a few are found offthe 
norihem Channel Islancb and occasionally as far south as Sana 
Baibara Two suneys of recreational anglen reveal the chang
ing importance of black rockfish. The fint of these suneys was 
conducted between 1957 and 1961. The most recent suney was 
conducted between 1979 and 1986. For all of Calffomfe black 
rockfish rankeci 17Ui by number and lOthby weightinthe 1979-
1986 suney. Looking only at locations from centtal and north
em Calffomia, bfeck lockfish ranked seventh foy numfoer and 
fourth foy weight Thb is a 6.6-fold inaease in numben landed 
and a 4.4-fold inaease in weight from the 1957-1961 siuvey. 
The average weight of each fish dropped 25 percent from 2.89 
poundsperfishinthe 1957-1961 suney to2.19pounds per fish 
m the 1979-1986 suney. 

Black rockfish are important to divers, too. In a 1972 
suney of divers, black r(x:kfish constituted 7.7 percent ofall fish 
takea During that year, diven took 1,852 bfeck rockfish 
tietween Pismo Beach and die Oregon foorder 

Status of Biological Knowledge 
Black rockfish range from Alaska to Santa Monica Bay in 

soulhem (California They are most commonly found swim
rmng ten to twenty feet above shallow (to 120 feet) rocky reefs, 
but occasionally they are found midwater over deeper (to 400 
feet) reefs. They have been reported as deep as 1,200 feet and 
occasionally wander far from their normal habitat; one fish that 
had recenUy spawned was caught 240 nautical mUes from the 
nearest sh.allow rocky reef Bfeck rockfish attain a maximum 
length of 24 inches and a few individuals are known to have 
reached the ripe old age of 21 years. 

As with all memben ofthe genus Sebastes, fertUization 
and development of embiyos take place within the female's 
body. Mating generaUy takes pfece between September and 
November Females store the sperm untU theu eggs mature in 
December or January, at which time the eggs are fertilized by 
the stored sperm. The lanae develop within thirty days, and 
their black eyespots cause the eggs to change from a yellow-
orange to a gray color between early Januaiy and March. The 
ev ed lan ae are released into the water from late Januaiy to May, 
peaking in Feforuan off CaUfomia. Haff of the males have 
spaw ned by the time they reach seven yean of age and average 
15.8 inches long. Haff of aU females have spawned by the age of 
six years w hen they are 13.8 inches ui length. 

Frequently, a few folack rockfish are found in schoob 
composed primarily of other rockfishes such as folue rockfish. 
These similar spedes do not compete with one another because 
diey have different diets. The dirt of bfeck rockfish foetween 12 
and 20 inches long consists of crafo megalopae, ctenophores, 
other fish, amphipocb and isopods. 

Major precfetion occurs onfolack rockfish from the moment 
6f lanal rdease to the age of one year. Thb precfetion is by aU 
fena-eating precfetors including some other rockfish species. 
Larger bfeck rockfish are preyed upon foy luigcod sea Uons, and 
die larger rockfishes. 

Status of Population 

Popufetion size and stmcture are unknown, and until 
recenUy black rockfish have not been reported separately from 
other rockfishes in catch statistics. Some relative changes ui the 
population have been identified however The average length 
and weight bf black rockfish have decUned over die past 30 
yean. This decUne b almost certainly the result of fbhing 
pressure. Although there are still plenty of adulb to replenish 
die popufetioa it wiU eventually foe damaged ff the decUne 
continues. Black rockfbh make up a larger portion of the 
recreational angler's catoh now th^n they did 30 yean ago 
foecause fishennen t u r n e d ^ G a ^ ^ ^ ^ b f a b s H f H folue rock
fishes when the 

T-.,^j(^gg: JainesL.i i iak~^ 
CaUioiBia Department of Fish and Game 
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BLUE ROCKFISH 

History of the Fishery 
The blue rockfish (Sebasies mystinus), also known as 

bluefish, folue bass, and reef foass, is most commonly caught 
from the northem Clannel blancb (ui the Southem Calffomfe 
Bighl) to the Oregon foorder Only a smaU portion of die blue 
rockfish fendings is made foy commerdal fisheries, commerdal 
catches between 1987 and 1989 having averaged 25,670 
pounds with an average value of $9,287. 

The blue rockfish is oneof the most important sport spedes 
Ul Calffomfe. It is taken foy all fishing methods, ranking first ui 
commerdal passenger fishing vessd (paityixiat) catches, sec
ond in skincUver catches, and from fint to fifth in skiff catohes. 
In a 1979-1986 suney of sport fish taken by hook and Une 
between the southem boundaiy of Monterey County and Or
egon, blue rockfish averaged fourth by numfoen (902,000 fish) 
and second foy weight (1,035,125 pounds). This b almost a 
ihrcc-fold increase in numtiers and a 2.6-fold increase in weight 
SI ncc a similar suney was condurted from 1957 through I % 1 
In a diver suney conducted in 1972, folue rockfish ranked 
second in importance (to lingcod) witii 10.5 percent of aU the 
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fish landed and were the most common rockfish taken by divers, 
comprising 29.6 percent of rockfish t3V;en. They have been the 
subject of many management and research projects, and regula
tions (a bag Umit of 15 fish) have been in effect for almost 20 
years lb protect the spedes from overfishing. 

Usually filleted and skinned, with the white flesh baked or 
filed blue rockfish are excellent in flavor 

\ ^ 

Blue rockflsh, Sebastes mystinus. 

Status of Biological Knowledge 

Blue rockfish range from the Bering Sea to Puna Baja 
Baja Calffomia. They are not caught in ferge numben south of 
the Califomia Charmel Islands or north of Eureka, Calffomia 
They range in depth from tide pools to a maximum of 300 feet , 
Relatively small in comparison to other rcKkfishes, this spedes 
atains a maximum size of 21 inches, with tiie buUc ofthe catch 
ranging from 10 to 15 inches. Larger folue rockfish are most 
often taken in areas more than three to five miles from a public 
access point usually over rocky depths of 80 to 120 feet 

Rockfishes are generally slow growing, but folue rockfish 
are among ofthe faster growing rockfish spedes. At the end of 
Uieir first year, diey reach a length of three to 3,5 inches. They 
are about s ix i nches long by the end of the second year and attaui 
a ma.ximum size of afoout 21 inches in 23 yean. Females grow 
at a slightly faster rate tiian males. 

Age at fust spawning b prottaded for footh sexes. Only 
about lOpercentspawnfor the fust time at threeyeanofage. At 
five yean (10.2 inches) haff of the males have spawned. At six 
years (11 inches) haff of the females have spawned 

In males the gonads increase in size from May to July, fout 
in females the eggs begin maturing ftom July to Odofoer Males 
ttansfer sperm to die females in Ortober, fout the embr> os do not 
begin to develop untU Decemfoer when the eggs are fertilized by 
tiie stored sperm. Embryos develop within the female and hatch 
immecUatdy upon being released into the water in January. 
Lanae live in the surface waten for several months, where they 
may be carried many miles in the ocean cunents. Juveniles 
appear in ihe kdp canopy and shallow rocky areas by April or 
May, w hen they are about 1.2 to 1.4 inches ui length. They are 
mottled reddish in color and appear in massive swarms in 
certain yean in inshore areas, espedally in the kelp canopy 
Recent smdies indicate that blue rockfish nay be carried into 
nursery areas with ftonts of cold upwelled water In 1990. such 
events occuned at the same time over a sufostantial distance 

(130 miles) in central CaUfomia Continuing research is direaed 
toward understandmg die importance of fbh refiige areas to 
protea adult spawning fish and to understand lanal Ufe history 
and juvenUe nKruionent to aU areas of coastline in Calffonua 

Feeding habits vary considerably depending upon depth 
and locality. Deeper-water fish feed almost entirely on 
maaopfenkton consisting of mnicates (salps), scyphozoids 
(gonadal material of jeUyfish), and crustaceans. In shallow 
areas and kelp beds, blue rockfish feed on the same types of 
naaopfenkton as those in deeper water, but they also feed on 
algae (several varieties), small fish, hydroids, and many types of 
crustaceans including amphipods and crab larvae. 

Lanal folue rockfbh and juvemles, during their fust few 
months on neanhore reefs, are preyed upon by most larger 
fishes. As adults, their predaton include lingcod, harbor seals, 
sea Uons, and occasionally, larger rockfishes. Blue rockfish are 
most often found mhafoiting kelp foecb, where food is plentfful 
and protection from precfeton b provided foy the kelp. 

In inshore kelp foed areas, they form loose to compart 
aggregations. They can also often foe found as solitary, wander-
uig incUviduals moving in and about the kelp or swimming 
along with other rockfish spedes such as olive rockfish, yel
lowtail rockfish, folack rockfish, and kelp rockfish. Under dense 
kelp canopies, they wiU sometimes form a column as wide as 12 
feet and as deep as 80 feet and foe as compart as sarcUnes in a can. 
In deeper waters, they form dense aggregations that may extend 
from the surface to the txittom, fout are usually in die mid-deptii 
leveb from 60 to 120 feet 

The Califomia Department of Fish and Game has con
duaed marking stucUes on all size ranges of blue rockfish 
foetween 1.8 inches and 18 inches. A population smdy using 
freeze brancUng as a marking technique resulted in over 80,(XX) 
recenUy-settled blue rockfish being marked in a five-week 
period. These fish showed very linle movement from an isolated 
reef IOO x 150 fert and in fact showed veiy littie movement 
from one part ofthe reef to another. 

Othei tagging smdies of adult blue rockfish indicate they 
do not migrate feterally along the coast. Nearly all recoveries of 
agged adult fish were within one mUe ofthe release pouit The 
longest wandering movement was 15 mUes. Several agged 
incUviduals were captured and released up to five times at the 
same spot over a pericxi of two yean. WtiUe these studies show 
adult folue rockfish popufetions are more or less discrert at each 
fishing port, it is not known how much fenal drift occun 
foetween fishing areas. 

Status of Population 

The numfoen of blue rockfish caught each year have 
inaeased over the last 20 yean, fout the population appean 
healdiy Areas in central and northem Calffomia that have 
heavy fishing pressure (Monterey, Santa Craz. Mono Bay, 
Princeton) record snaller fish being fended. This is a.normal 
occunence and is offset by encountering larger fish in more 
remote, lightly utilized areas. There are penodic influxes of 
stronger blue rockfish year classes appearing at first in skiff 
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catches when the fish are three to five yean old Fisliing 
pressure reduces these sttong influxes in two to three years. 

James L. Houk 
Calffomfe Department ofFish and Game 

References 

HaUacher, L.E. and D.A Roberb. 1985. Differential utiUzation of 
space and food by inshore rockfishes (Scorpaenidae: Sebastes) of 
Carmd Bay, CaUfomia. Environ Biol. Fbhes. 12(2);91-110. 

Klingbdl, RA. 1976. Southem range extensions ofthe blue rockfish, 
Sebastes mystinus, the flag rockfbh, S. rubrivinctus, and the 
shortbeUy rockfish, S. jordani. Calff Fish and Game 62; 160. 

MiUer. D.J., U . Gdbel, and J.L. Houk. 1974. Results ofthe 1972 
skindiving assessment survey. Pismo Beach to Oregoa Calff. 
Dept. Fish and Game, Mar. Resour. Tech. Rep. 23.61 p. 

MiUer, DJ. and D. GotshaU. 1965, Ocean sportfish catch and effort 
from Oregon to Point ArgueUo, Calffomia, July 1,1957- June 30, 
1961, CaUf Dept Fish and Game, Fish Bull. 130. 135 p. 

WyUie Echeverria T. 1987, Thirty-four species ofCalifornia rock
fishes: maturity and seasonality of reproduction. Fish Bull,, US, 
85;229-250. 

BLACKGILL ROCKFISH 

History of Fishery 

Blackgill rockfish (Sebastes melanostomus) aie the most 
important commercial rockfish spedes in southem Calffomia 
and sufostantial numfoers are also taken as far north as Fort 
Bragg. Until the fete 1970's, blackgiUs were ncx a major 
commerdal species, though they were targeted by a few ofthe 
Newport dory fishermen. In the fete 1970's, fishermen extend-
mg their operations into deeper waten began targeting these 
fish, fint foy hook and Une and thea in the 1980's, liy giU neb. 
Cunentiy, blackgUb are also a common catoh of die trawlen 
operatmg foetween Mono Bay and Eureka In Calffomfe waters, 
from 1986-1989, between 284,000 and 648,000 pounds were 
landed, worth foetween $134,000 and $321,000 to fishermea 
Because they inhabit deep water, usuaUy depths greater than 
1,000 feet folackgilb are rarely taken liy sport fishermea 

Blackgill rockfish, Sebastes melanostomus. 

Status of Biological Knowledge 
This spedes ranges from Washington Sate southward to 

central Baja Califomia. Previous records of folackgills from 
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Canada, Alaska and the Soviet Union probably refer to 
misidentffied rougheye rockfish or other similar appearing 
species. Young fish are taken in water as shallow as 600 feet, but 
adults inhabit 720-2,520 foot depUis. Though diey can be found 
over soft bottom, bfeckgUb are most abundant over hard 
foottom, steep dropoffs and sea mounts. 

BlackgUl rockfish grow to two fed and a few are manue 
when 13 mches long. Fifty percent are mature by 14 uiches and 
all reproduce foy 15 inches. BlackgiUs are probafoly viviparous; 
fenales spawn from Januaiy through June (peaking in Fdmi-
ary) and produce as many as 770,000 eggs. The larvae are., 
spawned in one batoh per season, are pelagic^aad are seldom--
taken below about 300 feet Beginning in June, 'When Uiey are 
about tluee-quarten of an inch long, the fenae metamorphose 
into pelagic juveniles and at one and a haff inches diese fish 
foegin to settle on the bottom at a depth of about 600 feet As the 
fish mature, they seek out deeper waters. 

Status of Population 
As of 1991, there had foeen no smdy of die fofeckgiU 

rockfish populatioa 

Milton Love 
University of CaUfonua 
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BOCACCIO 

History of the Rshery 
Bocaccio (Sebastes paucispinis), sometimes called red 

snapper, rockccxl, grouper, salmon grouper, or tomcod (as 
juveniles), was Uie dominant rockfish in Calffomfe's early 
longline fisheiy. It was the most abundant rockfish in the oner 
ttawl fisheiy from Morro Bay to Fort Bragg imtU the mid-
1980's. By 1989 two-thirds ofdie bocacdo landed were laken 
foy otter trawi, with the remainder foeing taken by set net 
longline, and the reaeational fishery. 

Accurate estination of commerdal bocacdo landings 
began in 1978. In the feto 1970's, trawl landuigs averaged 
approximatdy four miUion pounds per year. Landuigs in
aeased sharply, peaking in 1981 at afoout 10 milUon pounds, 
tiien graduaUy feU to about eight miUion pounds ui 1984. 
Landings plummeted to near 2.5 miUion potmds by 1985 and 
have remained near this lower level. In 1978, nearly 40 percent 
of I he sampled trawl landings contained haff or more foy weight 
bocaccio. but by 1990 less Uian 15 percent did. Since 1985, 
Vhilipepper has replaced bocacdo as die dominant rockfish in 
ir.iwl landings. 
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Califomia commercial landings ofthe bocaccio-chilipepper 

rockfish group, 1979-1991. 

Reaeational catches of foocaccio are generally made on 
locky reefs by partyboat fishermen at depths of 250 to 750 feet. 
In some yean, however, juveniles concentrate in shallow sandy 
areas near piers off central and southem Calffomia where they 
are easily taken on small baited hooks. Estimated catches foi the 
reCTeational fisheiy are available from 1980 onward and aver
aged 27 percent of the trawl fendings over the same period. 
Recreational catches since 1984 have showed die same decline as 
the trawl fishery. In general, the recent recreational catches have 
been greater in southem (Talffomia than in northem Calffonua. 

Since 1982, fo(x:accio have tieen managed under lhe 
Groundfish Management Plan ofthe Pacific Fishery Manage
ment Council. In response to concems afoout stock conditioa 
the Coundl established for the first time, a hanest guideline of 
2.4 million pounds for 1991. 

Bocaccio rockfiah, Sebasies paucispinis. 

Status of Biological Knowledge 

Bocaccio range from central Baja Calffomia to Kodiak 
Isfend, Alaska and are common from northem Baja Califomia 
to the Washington-British Columfofe foorder Migration and 
movemenb of foocaccio are not understood 

Among rockfishes, foocaccio are noted for theu relatively 
rapid growth, large adult size, and high variation in year-class 
strength. They are known to attain a length of 36 inches, a 
weight of 15 pounds, and a maximum age of afoout 50 yc.irs 
Some fast growing individuals are caught with ttaw I gear at 3i!c 
one, and subsantial numben are fended by age tw o at le ngt hs of 
about 16 inches. 

Bocaccio are live-bearing fish. At extrusion (release), 
lanae are about 0.25 inch in length and absorb yolk from the 
egg stage during the first eight to 12 days. They grow rapidly to 
about seven inches foy the end of their first year. A few nature 
when they are three years old about 14 inches long and one 
pound Fifty percent are mamre at 16.5 inches and four yean. 
Males mamre at a slightly smaller size than females. By the time 
they are lOyean old they average over 24 mches and weigh five 
pounds. The number of developing eggs inCTeases from 20,000 
Ul a 15-inch fish to afoout 2.3 million in a fish 30.5 inches long 

Off central and northem Calffomia, lanal release occun 
from Januaiy through May, peaking in Fefomaiy. In southem 
Califomfe spawning takes place from Odofoer through July, 
peaking in Januaiy. In centtal CaUfomia, most larvae that 
survive to the juvenile stage are foom m January and Fefomaiy, 
but months of successfiil reproduction can shift substantially 
from year to year. In southem Califomia, some females produce 
as many as three broods ui a seasoa but multiple brooding b 
uncommon farther north. 

Lanal bcxaccio are initfeUy pelagic and are most common 
within 1(X) feet ofthe sea surface, where they feed on pfenktoa 
Lanal bocaccio have tieen capmred ui plankton nets as far as 
300 miles from shore. By late May or eariy June, they settie to 
the foottom at lengths of 1.5 to 2.5 inches, often ui kelp foecb. 
Before completing their first year of life, these fast growing 
young of the year start eating the young of other rockfishes. 
surfperch. jack mackerel, and various small inshore fishes. 
Adults are found from depths of 60 to 1550 feet They feed on 
smaller rockfishes, sablefish, anchovies, lantemfish, and squid 

Status of Population 

During the past decade bocacdo landings have foeen 
dominated by the 1977 and 1984 year classes. As a consequence 
of the high variabUity in year-class strength, the size and age 
stmcture of the popufetion fluctuates greatiy over time. It 
appears that recruitment in the late 1960's and early to mid-
I970's was, on average, substantially higher than average 
recruitinent over die I978-I989 period 

Stock analyses, using fishery age-composition data, reae
ational effort data and trawl suney data, strongly indicate that 
biomass and spawning stock size have declined substantially 
over the 1978-1989 period Estimated foiomass has fallen from 
about 150 million pouncb in 1978 to approximately 20 milUon 
in 1989. The recommended yield for all fisheries combined 
ranged from 1.6 million to 3.4 miUion pounds compared to 
1989 landings of 2.6 milUon pouncb. 

David H. Thomas 
Calffomfe Department ofFish and Game 

James R Bence 
National Marine Fisheries Seniee 
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CHILIPEPPER 

History of the Fishery 

The chUipepper (Sebastes goodei) b one of Calffomfe's 
most important rockfish species; it is a major contributor to 
commerdal and sport lancUngs. In 1989, chiUpepper ranked 
second in statewide estinated commercial rockfish lancUngs at 
over 4.5 million pounds. Estimated value for these fendings 
total over 1.4 million dollars. Important ports offending are 
Fort Bragg, Bodega Bay, San Francisco, Princrton, Monterey, 
Moss Landing and Mono Bay Chilipepper also conttibute, 
although not so heavily, to southem Calffomfe rockfish land
ings. Percent composition of chUipepper in rockfish fenduigs 
from Sana Baifoara to San Diego ranged from two percent in 
1986 to over 13 percent m 1983. 

In the late 1800's, chilipepper and other rockfish were 
caught by Pormguese longline fishermen who fished Monterey 
bay from small two- or three-person vesseb. LongUnes provid
ed most, ff not all, rockfish landings until the mid-1940's. 
Improvements ui oner trawl technology a few yean feter led to 
die replacement of longlines as the primary gear used to catch 
rockfish. Trawl gear enabled fishermen to make much ferger 
landings with larger vesseb. Trawlen have since accounted for 
die buUc of chilipepper landings, followed liy set gUUirt and 
hcxik-and-line gear. 

Modem steel-hulled uawler that often targets rockfish and flatfish. 

Chil ipepper enter the fresh and frozen markeb and are sold 
in the round or as fillets. The average price paid to fishermen in 
1990 was $0.33 per pound 

HistoricaUy, chiUpepper was not considered an important 
component of the partyboat angler's catch in centtal and 
northem CaUfomfe due to its deep offshore distribution. In die 
early 1980's, Monterey and Sana Cruz partyloat skippers 
tiegan fishing chiUpepper schoob appearing near the Monterey 
underwater canyon in late spring through summer In contrast, 
southem Calffomfe chUipepper partyboat fendings peak during 
the winter months. ChiUpepper was ranked third among rock
fish taken foy central and noithera Calffonua anglen inter
viewed in 1989 to 1990. 

Chilipepper rockfish, Sebastes goodei. 

Status of Biological Knowledge 

ChUipepper range from Queen Charlotte Sound British Co
lumfofe to Magdalena Bay, Baja Calffomia Adults are found on 
deep rocky reefs as weU as on sand and mud foottoms, from 150 
to 1400 feet juvenUes school and are frequentiy found in 
shallow neanhore waten, particularly in kelp foecb. Spawning 
occun from Septemtier to April with a peak occurring in 
Decemfoer to Januaiy. About 50 percent of female chilipepper 
are sexually mamre at four yean when they are between 11 and 
12 inches, whUe males nature at two yean and foetween eight 
and nine inches. Chilipepper attain a maximum age of at least 
20 yean and a size of up to 22 inches. 

Adulb feed on small crustaceans, smaU squid and assorted 
small fishes. Profoafole predaton of chUipepper include marine 
birds and mammab, king salmon, lingcod Pacffic hake, sable
fish, and other rockfish. 

Status of Population 
In 1986, a biological assessment of the chilipepper re

source was completed and the resource appeared to be in good 
conditioa The accepafole foiological catch (ABC) was set at 
3,960 short tons, an increase of 1,430 tons over 1985. The ABC 
has renamed at 3,960 tons for 1990. Due to the dedine m 
focxaccio abundance, chUipepper has become an inaeasingly 
important component of the rockfish fisheiy and will be the 
focus of fiirther study. 

Kennrth T Oda 
Califonua Department of Fbh and Game 
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OLIVE ROCKFISH 

History of the Rshery 
Olive rockfish (Sebastes serranoides), also called johnny 

foass or johnathans, are caught primarily foy sport anglers near 
rocky reefs and kelp foecb at depths less than 150 feet. They are 
often found schooUng in mid-water in assodation with blue 
rockfish and yellowtail rockfish. Thb spedes is taken by shore 
and pier anglers and foy diven fout is most imporfent to skiff and 
commerdal passenger fishuig vessel (CPFV) anglers. 

During a 1958-1961 suney of ^xirt fishing from Point 
Arguello to the Oregon foorder, olive rockfish averaged fourth 
by number and seventh by weight ofall rockfish taken. During 
this suney, an average of 48,281 oUve rockfish were caught 
annually, averaging 1.9 pouncb eactt A state-wide sport fish 
suney conducted from 1980 through 1986 ranked it among the 
top 10 rockfish spedes taken by skiff̂  and CPFV anglen m 
northem Calffomia (Monterey-San Luis Obispo County line to 
the Oregon border). Here an average of 115,000 oUve rockfish 
were taken annually, averaging 1.8 pounds each. In southem 
C:alifomfe (Monterey-San Lub Obispo County Ime to the 
Mexico border), the suney ranked thb spedes as one ofthe six 
most important rockfish to CPFV anglen and one of the top 
tiiree rockfbh taken by skiff anglen. The estimated average 
annual catch for soutiiem Calffomia was 260,000 oUve rockfish 
weighing an average of 1.0 pound each. 

Commerdal catches, primarUy for the fresh fish market 
were made in die past wiUi giU nets and hook and line. Today, 
commerdal catches are taken only with hook and Une. Because 
olive rockfish are not separated from other commercial rockfish 
fendings as a markrt categcxy, the commercial landings of Uiis 
species are unknowa 

Olive rockfish commonly occur in kelp foecb and on rocky 
reefs from Monterey Bay south arxi also near offshore islands, 
particularly Santa Bartara and San Nicolas. CPFV and skiff 
anglen commonly take this fish using a multihook foottom fish 
rig. Wtien fishing in kelp foeds, some anglen prefer to use flies, 
streamers, or live foait on spinning gear Olive rockfish will 
strike this gear near the surface and put up a Uvely fight 

Status of Biotogical Knowledge 
Olive rockftsh occur from Crescent City to the San Bcmto 

Islands, Baja Calffomia, neanhore to a depUi of 480 feet. Thev 

reach a maximum age of 25 years and can reach a length of 24 
inches and weigh as much as seven or eight pounds. Haff of aU 
olive rockfish mature and foegin reproducing when they are 
about 13 to 14 inches long and four or five yean old Large 
females can produce up to 500,000 eggs per year. As in aU 
rockfishes, eggs are fertiUzed intemally, and Uie embryos 
develop within die female. They hatch into larvae and are 
released into Uie plankton from December Uuough March. The 
larvae are pefegK for duee to six months until diey settle onto reefs 
and Ul kelp beds as juvenUes when diey are atxiut one meh long. 

OUve rockfuh, Sebastes serranoides. 

Tagging smdies have shown that this spedes tencb to spend 
its entire life near the same reef Ttiis chararteristic makes 
nearshore rockfish spedes paiUculariy susceptible to oveifish
ing As fishing removes mattue fish from a reef they are 
replaced only through the transport of larvae and the setUement 
of juvenUes produced elsewhere. 

Olive rockfish are active, midwatei predaton. JuvenUes 
feed on zooplankton and smaU fbh, whUe adults feed on fish, 
squid crab, and shrimp. 

Thb spedes looks very similar to die yellowtail rockfish, 
aldiough its foody is more elongate and compressed OUve 
rockfish have nine soft rays in the anal fin and yeUowtaU 
rockfish usuaUy have eight 

Status of Population 
The popufetion size ofthis species is unknown, LUce aU 

neanhore spedes of rockfbh, olive rockfish are susceptifole to 
overfishing, and in heavUy fished areas, it is common for 
anglen to catoh immature fish. Typically, the average size of 
fish taken inaeases with distance from port. 

Diana L. Watten 
Calffomfe Department ofFish and Game 
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VERMILION ROCKFISH 

History of the Rshery 

\fermilipn rockfish (Sebastes miniatus). ihouidi highly 
desirafole, are only of moderate imporfencc in commercial and 
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sport fisheries. It is difficult to detennine the percenage ofthe 
commerdal catch that is comprised of vermilions, foecause they 
are combined wilh other red- and orange-colored rockfishes m 

I the market category of "reds." During 1981 and 1982, vermil
ion rockfish ranging in size from 8.7 to 21.8 inches accounted 
for less than one percent of the combined hook-and-line and 
spearfish take of sport fishermen ui Monterey. Information 
from competitive spearfishing meets indicates that this spedes 
may tie quickly reduced foy concentrated fishing. In 1981, 
vermilion rockfish comprised 11 percent ofthe take at competi
tive free diving spearfish contests held at Piedras Blancas. Six 
yean feter in 1987, the numtier of vermilion rcxkfish taken was 
less than one percent Ttiis area b one ofthe few locations along 
the Big Sur coast that is easily accessifole and is, therefore, heavUy 
utilized by sport and commerdal hock-and-Iine fishermea 

Intense fishing also causes a decrease in the size ofthe fish 
taken. In 1981, the average size of vermilion rockfish taken by 
sport hook-and-line fishermen from Point Pinos to Yankee 
Point in Monterey County was 18,8 inches. The average size 
dropped to 16.1 inches in 1983,15.5 in 1985, and 14.3 inches in 
1987, In 1989, suneys of commercial passenger fishing vessel 
(CPFV) trips from Port San Luis and Mono Bay in San Luis 
Obispo County, vermUion rockfish averaged only 13 inches in 
length and comprised 13 percent of die total catch. Along 
Ughtiy fished areas of the centtal coast fish of the same size 
comprised eight percent of the lotal CPFV catch. Fish laken 
north of Monterey were slightiy larger fout accounted for less 
then two percent of die catch. 

In a survey of soulhem Calffomia CPFV's from 1985 
through 1987, vermilion rockfish ranked third in species com
position at 8.1 percent ofthe toal rockfish catch. Between 1983 
and 1988, they ranged from 2.2 to 5.2 percent ofthe sampled 
commerdal catch of r(Kkfish landed south ofPoint Conception. 

\fermilion rockfish are marketed primarily in a fresh 
dressed form Because die flesh has a short freezer lffe, it b 
rarely frozen. These rockfish are best when filleted skinned 
and deep fried They are also delicious when baked with 
vegetables in the oven or microwave. As with most other 
members ofthe family, the flesh is white, fme in texmre, and 
mild in flavor 

more common at depths greater than 100 feet due to the 
combined fishing pressure m shallower waten from commer
dal and reaeational fishermen. Vfermilion rockfish generally 
remain on the same reef system on which tiiey setUe during their 
fint year. Tagging studies have shown no movement offish at 
liberry for oneto three years. Vermilion rockfish are extremely 
long lived. The oldest individual aged was 25 yean old 
measured 20 inches, and weighted 5.4 pounds. LengUis up to 30 
inches have foeen reported They abo have lengthy juvenUe Ufe 
stages. Fifty peicent of the popufetion b mature at eight yean 
and these fish average 14 uiches. The slow growth and long 
juvemle period make vermiUon rockfish veiy susceptifole to 
overfishing. Once large incUviduab are removed from a reef 
system they are replaced only tiy larval sdUement 

Peak spawnmg monUis are Septemfoer in centtal and 
northem Calffomfe and Novemfoer in southem Calffomia The 
numtier of developmg eggs increases from 63,000 in a fish 12.5 
inches long to afoout 1.6 million in a 21.5-inch fish. Fenales are 
fertilized intemally liy males. Newly released fenae are free 
swimming and lead a pefegic existence for three to four montiis, 
then settie to the foottom Juverules are not strong swimmen and 
tend to foe very seCTrtive, often taking refiige in dense algae. 

The pefegic young of vermilion rockfish feed primarily 
upon cmstaceans, while adulb feed on octopus, squid and 
small fishes such as anchovies and folue fentemfish. At times, 
maCToplanktonic oiganisms such as euphausUcb, pelagic red 
CTabs, and pyrosomes (pelagic colonial tunicates) are found ui 
their stomachs. 

Status of Population 

No population estimates are avaUafole for vermiUon rock
fish, and the magnimde and size composition ofthe commerdal 
and sport catch is pooriy understood. The present exploiation 
rate is unknown 

David A. VenTresca 
Califomfe Department ofFish and (feme 

Vermilion rockfish, Seboites miniatus. 

Status of Biological Knowledge 

Vermilion rockfish are fourid from Vancouver Island 
British Columbia to San Benito Island Baja Calffomia, and 
occur over rocky foonoms from 40 to 660 feet Large fish are 
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WIDOW ROCKFISH 

History of the Fishery 

The widow rockfish (Sebastes entomelas) is one of die top 
three spedes in commercial lancUngs of rockfish ui Calffomia 
and is a minoi component of recreational lancUngs. Although 
there were reports of occasional ferge trawl catches made 
uiddentai to fishing for other spedes, commercial landings 
were minor until markeb improved in 1979 and midwater trawl 
fishing began. At thb time, fishermen began targeting on the 
species, and Calffomia fendings exceeded 10,000 tons by 1982. 
Since 1983, strirt regulations have lunited commerdal land
ings. Recent landings are about 1,500 tons. Annual landuigs are 
restrained by a quota diat applies to die fisheries of Calffomia 
Oregon and Washington Trip landings and frecjuency are also 
regufeted in order to maintain a long open seasoa Widow 
rockfish comprise about 60 percent ofthe commerdal rockfish 
landings in Eureka 35 percent m Crescent City, and 25 percent 
Ul Bodega Bay; they occur as smaller proportions of landings as 
far south as Santa Bartiara. Most widow rockfish are fdlrted and 
marketed as Pacffic red snapper or rockccxl. The landed value 
approached $1,000,000 m 1989. Widow rockfish are mostly 
caught foy trawlen. Before the advent of restrictive trip lancUng 
Umits, most ofthe fish were caught with ferge midwatei trawls. 
It can foe difficult to avoid capturing more widow rockfish ui a 
single tow wilh a midwater trawl than trip limits allow, and 
many vessels are now using only the less efficient foottom trawls. 
Widow rockfish are also captured with giU nets and longUnes. 

dynamic and probafoly related to feecUng and oceanographic 
concUtions. There appean to be some seasonal movement offish 
among adjacent grounds, and there b evidence that fish move firom 
area to area as they age, widi fish ofthe same size staying together. 

California commercial landings of widow rockfish, 1981-1991. 

Status of Biological Knowledge 
Widow rockfish are found ftom Todos Santos Bay, Baja 

California, to Kodiak Island Alaska Peak afoundance b off 
northem Oregon and southem Washington, with significant 
aggregations occurring south to central (Talfforaia WhUe many 
conunerdal catches occur at bonom deptiis between 450 and 
750 feet young fish oomr near the surface in shallow waters, 
and adults have been caught over bottom depths to 1,200 feet 
Widow rockfish often form midwater schools, usually at night 
over bottom feamres such as ridges or large mounds near the 
shelf foreak. The schooling behavior of widow rockfish b quite 

Widow rockfish, Sebasies entomelas. 

The maximum recorded age for widow rockfi sh b 5 9 years, 
but fish older than 30 yean are uncommoa Most are less than 
21 inches in length, which corresponcb to a weight of about 4.7 
pounds. The maximum size is 24 mches or afoout 7.3 pounds. At 
first, growth is fairiy rapid and foy age five widow rockfish 
average 13.4 inches. By age 15 growth has slowed and the 
average size b 18.7 inches for fenales and 17,6 inches for 
males. About 50 percent of widow rockfish are mature by age 
five, and almost all are mature by age eight when Uiey are 16.6 
inches. Off Calffomia, fecuncUty ranged from 55,600 eggs for a 
12.8-inch female to 915,200 eggs for a 18.8-inch fish. The 
release of larvae by widow rockfish peaks in January-February 
and appean to occur in the same areas where they are caught 
during that seasoa The larvae are about 0.2 inch when released 
The young fish lead a pefegic existence until they are atxiut five 
months old. During the latter part ofthe pefegic stage, die two-
inch fish feed mostly on copepods and smaU stages of euphausi-
icb. Aduh widow rockfish feed on midwater prey such as 
fentem fish, smaU Pacific whiting, euphausuds, seigestid (deep 
water) shrimp, and salps. Juvenile rodefish, including widow 
rockfish, are important prey items for sea birds and chinook 
saUnon in May and June. LitUe is known afoout predation on 
adult widow rockfish. 

Status of Population 
The popufetion was virtually unfished prior to 1979. By 

1982. U foecame obvious that the popufetion was foeing rapidly 
fished down and would soon foe overfished ff catches were not 
restrirted. The fbheiy was placed under stringent regufetions in 
1983. The peculation is now estimated to foe at afoout the levd 
chosen tiy management to maintain a viable spawning stock. 
The 1991 quofe b 7,700 tons for the combined landings of 
Califomia, Oregon and Washingtoa While the annual quoa b 
likely to change as weak or sttong year dasses pass tiuough the 
fishable stock, the long-teim average b expeaed to be at afoout 
die 1991 levd. 

WiUiamH: Lcnaiz 
National Marine Fishenes Seniee 
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shortbelly rockfish for surimi, fout they lave not sufomitted a 
peimit request 

SHORTBELLY ROCKFISH 

History of the Rshery 

The shorttieUy rockfish (Sebastes jordani) is the most 
afoundant rockfish off CaUfomfe but has tieen fished very littie 
A direrted fisheiy occurred in 1982, when a joint venture with 
Uic USSR caught 700 tons off central CaUfonua Otheiwisc, a 
few shortbelly rockfish occasionaUy appear with other rockfish 
fended in Calffomia ports. There is no domestic market for 
shortbelly rockfish at present If a market develops, spedal 
permits wiU be required, because fbhing with legal mesh sizes 
is not practical for this small spedes. Large catches of shonfodly 
rockfish can be made using midwater or foottom trawls with fine 
mesh cod encb. Research has shown however, that while 
cUreaed fishing for shortbelly rockfbh results in low inddental 
catches of other spedes when mid-water trawb are used tiigh 
inddental catches can occur when bottom trawls are used 
Because ofthe concem that bottom trawls would take unaccept
ably high numben of smaU fish of other important species, 
scientisb have recommended against the use of bottom trawb 
for shortbelly rockfish. 

The potential fishery for shortbeUy rockfish b controver
sial. Fishermen e.xpress concem that significant amounts of 
salmon may foe caught incidentally to fishing for shortbelly 
rockfish, but sdentisb have not observed inddental salmon 
catches and believe that a fishery for shortbeUy nxkfish is likely 
to be offshore from concentrations of salmon. Fishermen and 
environmental groups also expiess concera because young-of-
the-year shorttid ly rockfish are forage for salmon, sea birds and 
marine mammals. Sdentists have recommended ciuotas that 
are tiiought to foe sufficiently low so as not to impart either the 
recruiunent or the availability of young-of-the-year shortbelly 
lockfish for forage. Sdentists have also recommended close 
monitoring of fishing for shortbelly rockfish to verify that high 
inddental catches and/or depletion of forage do not occur 

The 1991 quofe for catches off Calffomia, Oregon and 
Washingtonb 14,300tons. Recent appUcations foy joint venmre 
companies to fish for shortfoelly rockfish were not approved 
These companies i mended to use the catch for surimi. There has 
also been some interest expressed by domestic firms to utilize 
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ShonbeUy rockfuh, Sebastes jordani 

Status Of Biok)gtoal Knowledge 
Shortfoelly rodefish are found from Punfe Baja, Baja Cali

fornia, to La Perouse Bank, Britbh Columbia. Peakabundnoet— 
are foetween the Farallon Islands and Santa Cruz, and offthe 
Channel blands. Young-of-the-year shoitbeUy rodcfbh have 
foeen otisened in the suif Une, and adulb have foeen repoited as 
deep as 930 feet The peak abundance of adulb is over foottom 
depths of 400 to 700 feet Adulb commonly foim veiy large 
schoob over smooth txittom near the sheff foreak. Schoob are 
often near or on die foottom during the day and tend to be less 
dense and higher m the water column during die night. The size 
of shortbelly rockfish tends to increase with bottom depth. "1 

The maximum recorded age for shortbelly rockfish is 22 
years, but fish older than 10 yean are uncommon. Most are less 
than 11.5 inches in length, which corresponds to a weight of 0.5 
pound The maximum size b 12.8 inches, or about 0.7 pound 
Early growth b fairly rapid and by age three the average size b 
7 8 inches for males and 8.3 mches for females. Growth has 
slowed by age eight and Uie average size b 9.7 inches for males 
and 10.3 uiches for females. About 50 percent of female 
shorttielly rockfish are mature by age three, and almost aU are 
mamre by age four. The fecundity ranges ftom 6,200 eggs for a 
6.8-inch fish to 50,000 eggs for a 12.0-mch fish. 

Plankton suneys during the Januaiy-April parturition 
season indicate that fervae are released in the same areas 
mhabited in the summer and fall tiy large aggregations of 
adults. However, the fish may be more dispersed during die late 
wi nter season because aggregations of adulb have been difficult 
lolocatethea Thelarvaeareafoout0.2uichwhenreleasedThe 
young fish lead a pefegic existence untU June, when diey are 
about five months old In June, the young shorttieUy rockfish 
begin to take on the tiehavior of adults. Diven occasionally 
ofosene tiiem in large, compact schools in fairly shallow water 
Large numbers of moribund young-of-the-year shortfoelly rock
fish are sometimes found on baches after periocb of wind 
panems that are thought to cause currents which carry diem 
into shaUow waten. These fish have not appeared to be eitiia 
siancd or diseased. They appear to be mafedapted to conad 
Wldl the abrasive bottom when in the neanhore enviroiunent 

During the fetter part ofthe pefegic stage, the two to duee-
inch shortbelly rockfish feed mostly on copepods and smaU 
suges of euphausUcb. Adulb feed primarily on euphausiids. but 
also consume some copepocb. Young-of-the-year shortbelly 
nxkfish are important prey items for salmon and sea buds 
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during the fetter part of the pelagic stage. They have also be 
found m the diet of Ungcod and northem fiu seals. Adult 
shortfoelly rockfish are occasionaUy found in the cUet of larger 
precfetors such as Ungcod 

Status of Population 

The population b at the unfished level, Biomass estinates 
have tieen anempted on four hydroacoustic suneys from Sana 
Cruz to the Farallon Islands. Large aggregations needed for the 
hydroacoustic technic]ue were found only for two of the four 
suneys. The two foiomass estimates were 168.000 tons and 
325,000 tons. It was estimated that the foiomass m Uiis area 
could support annual catohes of at least 14,800 tons without 
redudng the spawning stock bdow levels thought to be needed 
to maintain good recruiunent 

WiUiam H. Lenarz 
National Marine Fisheries Service 
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BROWN ROCKFISH 

History of the Rshery 

There is no regular monitoring of commercial lancUngs of 
brown rockfish (Sebastes auriculatus); however, occasional 
large catches of brown rockfish do ooaa. In the San Francisco 
Bay area, freshly caught whole fish are in demand for sale ui 
oriental restaurants. 

The brown rockfish recreational catch from 1979 to 1986 
averaged 296,000 pounds, or two Vt four percent of the total 
recreational rockfish catdi in Califomfe Northem and southern 
CaUfomfe catohes are almost equal. In the Pugrt Sound area, 
brown rockfish are a major portwn cf the recreational catch. 

Status of Biological Knowledge 
Brown rockfish. sometimes called boUra rocMsh, range 

from southeastem Alaska to central Baja Calffomfe. They are 
widely distributed in shallow waten and bays, fout have been 
taken to depths of 420 feet Sufoadulb are sttongly residential to 
Uieir home siles and often occur near pien and rocky points. 

Botii male and female brown rockfish foegin maturing at 
about Uiree yean old at which time they are around 10 inches 
long. Haff of these are mamre a five yean old when tiiey are 

afoout 12 uiches long, and aU are nature foy age tea when they 
are afoout 15 inches long. A 12-uich female vvUl have approxi
mately 42,500 eggs, a 15-inch female 76,600 eggs, and an 18-
inch female 266.000 eggs. Maximum adult size b 22 inches. 

Brown rockfish, Sebastes auriculatus. 

Brown rocJcfish, as do all rockfish, hear their young live 
Fenales release larvae into the pefegic environment during 
December and January, and may do so agam during May and 
June. The larvae remain in the pefegic environment until diey 
transform mto juveniles, afterwhich they enter benthic habiats 
near shore. Benthic juveniles are known to uihabit shaUow 
water hafoitats, often in foays, and to migrate to deeper waten as 
they grow older 

Brown rockfish feed on progressively larger prey as Uiey 
grow. During their early foenthic stage, juveniles feed on smaU 
crusaceans, amphipcxb, and copepods, fout w hen they grow to 
around5 inches, shift to crabs and sniaU fish. Adult brown rockfish 
(greater Uian 12 inches) feed on ferger fish, shrimps, and crabs. 

Little is known about predation on forown nxkfish, but 
profoafoly it is sinular to precfetion on otiier rockfish species. 
Presumably, they experience the most predation during their 
pefegic larval and juvenUe sfeges, and less predation as Uiey 
grow larger Probafoly adulb are only occasional ly taken as prey. 

Status of Population 
Witiiout regular monitoring of catch data, diere is no way 

to assess the forown rockfish popufetion size. Currentiy, there 
are no indications of stress on these popufetions. 

Peter B. Adams 
National Marine Fisheries Service 
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COPPER ROCKFISH 

History of the Fishery 

Copper rockfish (Sebastes caurinus) occur only sporadi
caUy in CaUfomfe commerdal catoh records. Commerdal 
landings of copper rockfbh are smaU ahd often included ui the 
categoiy of "other rockfbh"; however, three-month landings 
of over 14,000 pouncb have foeen recorded from Eureka 
Although cunenUy there are no significant commerdal land
ings of copper rockfish in the United States, they were reported 
as the most commonly caught fish in otter trawb in Pugrt Sound 
Ul Uie 1930's. 

Copper rockfish are a small consistent portion of the 
statewide recreation catch of rockfish, averaging from two to 
three percent. The catch has no apparent trend and ranges from 
a high of over 500,000 fish m 1980 to 238,000 fish m 1986. 
Approximately two-thirds ofthe Calffomfe reaeational caught 
copper rockfish are taken from Monterey south versus one-thi rd 
from north of Monterey Copper rockfish are a major compo
nent ofthe recreational fishery fiuther north, particularly m the 
Puget Sound-British Columfofe area 

inches. Females foegin maturing at five yean old or about 12 
inches; one-haff are mature at six yean old or 13 inches; and aU 
are mature by eight yean old or 16 inches. A 13-inch female 
will have approximately 97,000 eggs, a 16-inch female 
245,000 eggs, and a 20-inch female 654,000 eggs. The oldest 
copper rockfish found to date is 35 yean old and is from 
Canadian waten. 

In Calffomia, fervae are released from the fanale in 
Fdiruaiy, but in Washington and British Columfoia, diey are 
released in March and April. These fish remain as pdagic 
lanae and juveniles in ofishore waten until May. From late 
May imtil July, juvenile copper rockfbh first appear in kelp 
habiab high up in the water column, and later migrate to the 
foottom. As they grow, copper rockfish move into more typical 
adult rocky reef habitats. 

Adult copper rockfbh feed prunarily on crabs and fish. 
Smdies in Humfooldt Bay found juvenUe Dungeness crab to be 
a major part of their dirt. Con>er rockfbh feed on snail fish 
such as herring anchovies, blennies, and small surfperch, but 
abo on occasion have eaten spiny dogfbh. JuvenUe copper 
rockfish feed on calanoid copepods, caridean shrimp, and 
gammarid amphipocb. 

LUce oUier rockfish, coppen are most vulnerable to preda
tion as fervae and juvenUes. During these sfeges. they are prey 
to salmoa Ungcod other nxiefish, marine mammab and birds. 
As they grow older and larger, they are susceptible only to 
occasional predation foy Ungcod or marine mammals. 

Status of Population 

Although there are no popufetton or mortality estimates for 
copper rockfish, there is no indication that stocdes of thb spedes 
are overfished in CaUfomfe waten. In the Guff of Alaska and 
British Cdumbia, copper rodefish are the target of an expanding 
hook and Une commercial fisheiy, and thb fisheiy b having a 
significant impart on those stocks, ff such a fisheiy were to develop 
in Calffomfe waters, thb spedes would re(]iiire monitoring. 

Peter B. Adams 
National Marine Fisheries Service 

Copper rockfish. Sebasies caurinus. 

Status Of Biological Knowledge 
The copper rockfish and the whitd>elly rockfish (S, 

vexillaris) aie virmally identical in appearance, except that the 
whitebdly rockfish tends to be more reddish. The meristics of 
the two spedes are the same, but there are chromosomal 
differences. BoUi are shallow water spedes usuaUy found in 
rocky areas, but may be found as deep as 600 feet V^iy lunited 
agguig indicates that adult copper rockfish are sttongly resi
dential. The copper rockfish ranges from the Kenai Peninsula, 
Guff of AiaslA to Monterey, and Uie whitefoeUy rockfish from 
Crescent City to San Benito Islands, Baja Calffomia 

Male copper rockfish foegin maturing at three yean old 
when they are about 12 inches; one-haff are nature at four yean 
old or 13 inches; and all are mature liy seven yean old or 16 
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CANARY ROCKFISH 

History of the Rshery 

The commercial trawl catch of canary rockfish (Sebastes 
pinniger) in Calffonua has declined from over two miUon 
pounds to 183 thousand pounds ui the nine-year period from 
1981 to 1989. (Previous to 1981, rockfish landuigs were not 
recorded separately by spedes.) Eureka and Fort Bragg togetiier 
contribute 88 percent ofthe canary rockfish trawl catch, which 
is only seven percent ofthe rockfish fendings for Eureka, and 
eight percent for Fort Bragg: The only non-trawl commerdal 
landings are in a small hook-and-Une fishery that operates from 
San Francisco southward 

Canaiy rockfish represent a smaU fout consistent portion of 
die sport catch. From 1979 to 1986, the average annual catch 
was 280,000 fish per year, slighUy less than three percent ofthe 
total for aU rockfish spedes. The average cateh firom Monteiey 
northward was more than twice what U was to die south: 194,000 
fish per year (five percent of die rockfish catch) as compared to 
86,(X)0 fish per year (one percent ofthe rockfbh catch). 

Canary rockfish, Sebastes pinniger. 

Status of Biological Knowledge 

Canary rockfish, refened to as orange rockfish in older 
reports, occur from Baja Calffomfe to southeast Alaska Their 
center of disuibution is Uie Washington-British Columbfe area, 
and in CaUfomfe they have commercial importance only as far 
south as Bodega Bay. Electrophoretic differences incUcate that 
canaiy rockfish nay have two separate sut^x^ulations: one 
north, the other south eff central Oregon. Canaiy roc^ish have 
been caught at depths betow 1,000 feet tiut are taken ui 
abundance only to 500 feet 

Canaiy rockfish grow rapidly until they reach maturity at 
about 16 inches, then more slowly to a maximum age of 60 
years. Most populations have few indivichials older than 20 
yean. For example, at one year, females average 6.7 inches and 
males 7.9 mches; at 4 yean, females are 13.4 inches and males 
13.8 inches; liy age 12, females average 20.4 inches and males 
19.7 inches. Ely age fifty they have added UtUe length (fenales 
== 22.4 inches; males 21.2 uiches.) 

Females liegin lo mature sexuaUy at 10.6 inches, reaching 
50 percent mamrity at 17.3 inches, and IOO percent maturity at 
21.2 inches. Males begin to mamre at II inches, reaching 50 
percent mamrity at 15.7 inches, and 100 percent matunty at 

17.7 inches. A 10,6-inch female carries about 69.000 eggs; a 
17.3-inch female about 489,000 eggs; and a 21.2-uich female 
about 1,113,000 eggs. 

(Canary rockfish are viviparous, meaning that the fenales 
bear free-Uving young and contribute some eneigy to their 
young whUe they are inside the mother Males feitiUze the 
females around December, and the females hold theu young 
until Decemtier to March. Pelagic juveniles occur ui the upper 
100 fert ofthe surface waten from April to June. It b assumed 
dat the juverules descend to benduc habitab after mid-June. 

Adult canaiy rockfish feed primarUy on euphausuds. Next 
in importance as prey are fish: mainly mydophicb and adult 
shoitbeUy rockfish wtiich are most abundant ui faU and winter diet 
(jdatinous zooplankton and associated hyperud amphipods are 
ctHnmon pr^, but are a mmor part ofthe d id Pefegic juvenUe 
canaiy nxkfish feed on copepods, and euphausud eggs and larvae. 

Predation on canaiy rockfish is most severe during the 
pefegic larval and juvenUe sages. Juveniles (one te three 
uiches) are commonly found in the stomach contenb of chinook 
saUnon. UndoufotecUy other precfeton of juvenUe fish (odier 
fishes, mammals and foirds, inclucUng the common murre) prey 
on juvemle canaiy rockfish. After the juvenUes descend te the 
benthos and become adults, they are much less vtiUierable to 
predaton. 

Status of Population 

The canary rockfish cateh has decUned sharply during the 
last len years, particularly in Eureka The mean lengtii of canary 
rockfish has declined approximately 10 percent during thb 
period at footh Eureka and Fort Bragg. While estimates of 
popufetion size or exploitation rates for canary rcxkfish in 
Calffomfe waten are unavailable, these decUnes warrant in
aeased suneUlance of thb species. 

Peter B. Adams 
National Marine Fisheries Service 
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BANK ROCKFISH 

History of the Fishery 

From about Fort Bragg to the Mexican Border, bank 
rcxkfish (Sebastes rufus) aie an unportant part ofthe commer
dal rockfish catch, taken primarUy by gUl nrt and otter uawb 
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equipped with roller gear, but also occasionaUy by hook and 
Une. In recent yean. this spedes has foeen among the three most 
commonly taken commercial rockfbh spedes from Mono Bay 
souUiward Until the late 1970's, they made up a very minor part 
ofthe fishery, but surged in importance as fbhermen foegan to 
target rockfishes with monofilament gUl neb and with oner 
ttawls equipped with roller gear (the rollen allow die uawb to 
foe towed over Uie hard bottom favored foy foank rockfbh). Until 
1987, catch stetistics from bank rockfish were grouped with 
those from all other rockfish spedes and so the exart poundage 
and value are unknown. In 1987, about 81,000 pounds, worth 
$33,000 (ex-vessel) were takea in 1988, 114,000 pounds 
($36,000) and in 1989,35,000 pounds ($9,376). They are also 
taken by sport fishermen fishing for deepwater rockfishes, but 
rarely do bank rockfish composeAnajority ofthe catoh. 
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OTHER NEARSHORE ROCKFISH 

History of the Fishiery 

Several spedes of rodefbh that inhabit neanhore rocky 
areas and kelp foresb make smaU contributions to sport and 
commerdal fisheries in Calffomia Kelp rockfbh (Sebasies 
atrovirens), bfeck and yellow rockfbh (Sebastes chrysomelas), 
gopher rockfish (Sebastes camatus), China rockfish (Sebastes 
nebulosus), grass rcxkfbh (Sebastes rastrelliger), and treefish 
(Sebastes serriceps) aie the most commonly encountered spe
des in this group. WhUe some of these species are quite 
distinctive in appearance, othen are difficult to (Ustinguish; so 
catch records for these and other rockfish are often lumped 
(consciously or not) and records for the different spedes are 
frequendy unrelfeble 

Bank rockfish, Sebasies r i ^ . 

Status of Biological Knowledge 

Found from off Newport, Oregon to central Baja Calffor
nia foank rockfish are common from about Fort Bragg south
ward into northem Baja Calffomia These are midwater, aggre
gating fish, which Uve over hard bottom and on bank edges over 
depttis of 102-810 feet Fragmentary evidence suggesb that 
juveniles usually inhabit waten shaUower than adults. Mattue 
fish are usuaUy found in 600 feet ar more. 

Bank rodefish reach 20 inches. Afewfish mature at 12-13 
mches, 50 percent are mature by atxiut 14 inches, and aU are 
reproductive at 15 inches. These are slow growing fishes; some 
Uve to at least 50 yean. Bank rockfbh spawning occun from 
Decemfoer through May, peaking in Januaiy in southem Cali
fomfe and m Febmary in central and noithera Calffomia In 
southem Calffomfe (fout apparentiy not farther northward) 
females spawn two or more tiines per season. Females produce 
foetween about 65,000 and 610,000 eggs per season. Bank 
rcxkfish are midwater feeden, eating mostly gefetinous plank
tonic organbms such as tunicates, but also preying on smaU 
fishes and krill. 

Status of Population 
As of 1991, Uiere had foeen no smdy of Uie sfettis of Uie foank 

rcxkfish populatioa 

Milton Love 
University of CaUfomfe 
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Chiiu rockfish, Sebeastes nebulosus. 

CommerdaUy, these species are taken largely by hook and 
Une and sold unfUleted (and sometimes aUve) m fresh fish 
markets. Landings (hiring the period from 1987 (when the 
species were first segregated in summaiy sfetistics) to 1989, 
ranged from afoout 100,000 to 175,000 pounds and up to afoout 
$210,000 in value. LancUngs of misicientified incUviduals of 
other spedes, such as copper or forown rockfish, could be 
mduded in these figures. 

The largest catches of these spedes are profoafoly recre
ational. Their neanhore habib make them avaifeble to diven 
and te anglen woiking from shore, skiffs, and party boats. 
Because of its shaUcw depUi distribution, the grass rockfbh b 
best represented in the shore fbheiy. Kelp, folack and ydtow, 
gopher, and China rockfish are weU-represented in catehes by 
cUven and skiff anglen. Gopher and China rockfish are rela
tively fortter represented in the party boat fishery, because of 
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Uieu deeper depth distnlnitions. None of Uiese species b the 
dominant component of any fisheiy, but as a group may conoifoute 
from one percent te over 20 percent of die total catch in Uiese 
fisheries, and may make larger oontnlmbons in particular areas. 

Angler fishing rocky area under the Golden (jate Bridge. 

Several of these spedes are also important in non-con
sumptive uses. Colorfid, accessifole, or footh, treefish and kelp, 
black and yellow, gopher, and China rockfish are frequently 
obsened and photographed foy diven. 

Status of Biological Knowledge 
Kelp, folack and yellow, and gopher nxiefish are refetiveiy 

weU-smdied while tteefish, China rocMsh, and grass nxkfish 
are, to differing degrees, less wdl-knowa 

Most ofthese spedes oompy somewhat restriaed ranges of 
geography or hafoitat. The treefish is tnost conunon in depths of 
less than 100 feet or so on rocky reeb, and b restrirted largely to 
Uie region south of Pt. Conception The kdp, black and yellow, 
and gopher rockfishes are not abundant north of Sonoma 
County, and range south to the region of Point Eugenia, Baja 
CaUfomia Each has a restrirted habitat with kelp rockfish 
occurring almost exclusively in kelp forests, fofeck and yeUow 
rockfish occurring in high-relief rocky bottom at depths shal
lower than afoout 60 feet and gopher rodefish occurring on 
rocky reefs ftom 40 fert to perhaps 150 feet The geographical 
range ofthe grass rockfbh extends throughout Calffomfe and 
into soudiem Oregon, but ib habitat b resttirted to rocky areas 
shallower d a n about 20 fert. The Ctiina rockfbh is abundant 
into Washingtoa British Columbia, and southeastem Alaska, 
declining in abundance south into CaUfoniia It b cjuiie rare 
south of Pomt Concepuoa and seems to uihabit progressively 
deeper water in the southem part of ib range. 

Five ofthe six species are relatively smaU for rockfish. The 
grass nxkfish, at about 20-22 inches, reaches die largest SL/X of 
the six spedes. The largest individuab ofthe otiier five species 
rarely exceed 15-17 mches; among Uie five, Uie China nxkfish 

nay reach sUghUy laiger sizes Uian die oUien, followed in 
rough order by tteefish, kdp rockfish, and gopher and bfeck and 
yeUow rodefish. Grass rockfish and tteefish have not been aged 
and ageing for kelp, fofeck and yeUow, and gopher rocjefish has 
been more complrte than for China rockfish. These four spedes 
occasionally reach ages in excess of 20 yean, and typically 
nattue at three to four yean of age. Treefish and kelp, blade and 
yeUow, gc^her, and China rodefish appear te r^roduce once 
per breeding season, and litde is known ofthe o w n i n g habib 
of grass rockfish. The latter four species seem to reproduce m 
winter-spring, feter than many other neanhore rocJcfish. Kelp 
rockfish bear young the fetest in the year, preceded by black and 
yeUows and gophen. The period of parturition in China rock
fish has not been defined as clearty as the others. 

Gopher rockfish, Sebastes camatus. 

The adult movement of most ofthese spedes may be even 
more restrirted than other rockfishes. Individual black and 
yeUow, gopher, and kelp rodefbh have been shown to inhabit 
restrirted home ranges, and it b lUcely that grass rockfbh, 
China rockfish, and treefish share thb behavior Aggressive 
foehavior has foeen observed in all except grass rockfish (for 
which ofoservations are limitecO, and gopher rockfbh and fofeck 
and yeUow rcKkfish are definitely tenitorial. However, some 
evidence from artifidal reefs suggesb that typicaUy sedentaiy 
individuals may occasionally wander indrterminate distances, 
on the order eff tens of yards, from their home ranges. 

Status of Populations 
Wtule there have been several smdies oflocal afoundance in 

some of diese spedes (particularly bfeck and yeUow, gopher, 
and kelp roc^sh). there b no comprehensive assessment of 
their populations. Each species b probably sufojert te local 
depression m abundance and average size where diving skiff 
fishing, and party boat activity b concentrated The low fecun
dity, restricted hafoitats, and Umited movements of diese spedes 
make them vulnerable to local fishing pressure. Depending on 
the extent oflarval dispenal however, areas witii lunited access 
for diven and skiffs may art as population resenes. 

Ralph J. Larson 
San Francisco Sate University 
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THORNYHEADS 

History of the Rshery 

The two spedes of thomyheacb (genus Sebastolobus) in 
Calffomfe waten are most abundant at depths where Dover sole 
and sablefish live. Shortspine thomyhead (S. alascanus) aie 
taken by the commerdal fishery at depths as shaUow as 600 feet 
and it is Ukely that thomyhead landings were predominately 
shortspine during the early yean when the fishery operated m 
refetiveiy shallow water Longspine thomyhead (5'. altivelis) 
were profoafoly not landed in laige quantities untff feter when the 
fisheiy expanded into deeper water Although there are consis
tent differences foetween the two spedes, distingubhing foe
tween them can be difficult under field concUtions. Landings 
and other dafe for each spedes may, therefore, be less reUable 
than dafe for thomyheacb as a group. 

From 1953 to 1969 total diomyhead landings in Calffomfe 
ranged from just over 3,000 pounds to 900,000 potmds. 
Thomyheads became common as incidental catch when Cali
fornia trawlen began fishing uitensively for Dover sole in the 
early 1970's. In 1970. total thomyhead landings in Calffomfe 
exceeded one miUion pounds forthe first ttme and averaged 2.8 
miUion pouncb per year from 1970 to 1979. Thomyhead 
landings inaeased to an average of sbc million pounds peryear 
from 1980 to 1989. 

Thomyheacb were originaUy maikrted as a rcxkfish prod
uct (usuaUy fiUeb) m domestic markets. Increased landings 
during the 1980's were the result of increased prices and 
demand for Uiomyheads, primarily as a headed and gutted 
produa exported to Japan Changes in spedes composition and 
markets for thomyheads occurred during the late I980's as the 
fishery moved into deeper water to harvest longspine 
thomyheads. As export markeb developed prices paid Vo 
fishermen more than doubled from $0.17 to $0.40 per pound 
(aU prices and revenues in 1989-eqiiivalent doUan). Gross 
revenues for thomyheads landed in Calffomia rose from 
$576,000 Ul 1980 to $5,425,000 m 1990 as die result of 
increased prices and landings. The relative value of 
thomyheads in the groundfish fishery also increased during 
Uiat time. Revenues from thomyheads were only 12 percent of 
total revenues for the deepwater fisheiy (thomyheads, sablefish. 
and Dover solejduiing 1980,foutinaeasedto39peroeni foy 1990 
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CaUfomia commercial landings of thomyheads, 1977-1991. 

Fishing for thomyheads b typicaUy liy foottom trawl and 
longUne gear in relatively deep water (1,800 to 3,000 fert) on 
sand or fine secUment Fbhermen report that there are areas 
where shortspine and longspine thomyheacb are found togedier 
and other areas where longspine thomyhead predominate 
Most of the thomyheacb fended m Calffomfe are taken in die 
Eureka Fort Bragg, and Mono Bay areas. Few thomyheads are 
taken south of Point Conception. With die 4,5-inch mesh in cod 
ends cunently used in the commercial trawl fishery, 
thomyheacbfoecomevulnerabletobottom trawb at atxiut fivete 
seven uiches in length and at an age ofabout eight to nine yean. 
Thorny heads are seldom taken by gUl nets or m the recreational 
fisheiy because ofthe deptiis at which they live 

Thomyheads are managed foy the Pacific Fisheiy Manage
ment Council under the Gioundfish Management Plan. 
Shortspine and longspine thomyheacb are managed as a group 
foecause of difficulties ui separating the two species during 
fishing and in the lancUngs. Catch quotas for thomyheads were 
first used in the fbheiy during 1990. 

Shortspined thomyhead, Sebastolobus alascanus. 

Status of BJok>gical Knowledge 

Thomyheacb tielong to the same femily (Scoipaenidae) as 
the roc^shes (Sebastes spp.) but are distinguished from them 
Ul having more dorsal and head spuies, in losing their swim 
foladder at the time they setUe to the foottom, and ui spawning 
gelatinous egg masses. Shortspine thomyheads grow to ferger 
size and are found in shallower water than longspine 
Uiomyheads. The adults ofboth spedes are najor components 
of the assemblage of fishes ofthe continental slope where they 
co-occur over a foroad depth range of 1,600 to 4,900 fert. Bodi 
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species have spe<:ial enzynatic acfepations which aUow meta-
fooUc activity despite the high pressure and low temperature at 
the depths where they live. 

Shortspine thomyhead are found at depdis of afoout 100 to 
over 5,000 fert along die west coast of North America from 
northem Baja Calffomfe to the Bering Sea and aaoss the north 
Pacific to the coast of Japan It is not known ff separate stocks 
exist Off Calffomia, shortspine Uiomyhead spawn during fete 
winter and early spring. Males off Alaska may spawn at about 
6.5 mches in length (estimated age 5). Afoout haff of aU females 
off Calffomia are sexuaUy mature at 8.25 inches in length 
(estimated age 13) and almost aU are sexually mature at 13.5 
inches (estinated age 28). Estimatesofages are based on counb 
of growth rings in thin-sertioned otoUths. Thb approach has 
not yet foeen vaUdated for either spedes of thomyhead so aU 
ages must foe regarded as estunates. A female may release as 
many as 400,000 eggs annuaUy in gefetinous egg masses that 
float to the surface. Lanae free themselves from the egg when 
afoout 0.25 inch in length and transform to juvenUe fish at about 
0.75 inch. Lanae and young juvemles are pelagic for 14 to 15 
months and setUe to the bottem when about one inch long 
during Januaiy to June of the year after they hatch. JuvenUes 
setUe in shaUow water along the upper lioundaiy of their habitat 
and move to deeper water as they grow. They spend Uie rest of 
their Uves closely asscxiated with the bottom. 

Shortspine thomyheads can grow to 30 inches and may be 
cpiite long-Uved It b particularly difficult to deteimine ttie age 
of older individuals, fout recent estimates incUcate that the 
maximum age of short^ine thomyheads off CaUfomia may foe 
in excess of IOO years. 

Shortspine Uiomyheads in Alaska are known to eat cmsu
ceans, crabs, worms, clams, ortopus, sea cucumbers, and fish. 
Longspme thomyheads feed primarUy on polychaetes and 
small crusaceans. 

Longspine thomyheads are found from Cape San Lucas, 
Baja Calffonua to the Aleutian Islands in water fiom atxiut 1,000 
to ova 5,000 fert deep. It b not known ff sepaiate stocks exist 

LUce shortspine thomyheads, longspine thomyheads 
spawn in the fete winter and early spring. Haff of the females are 
sexually mamre at about 7.5 inches in length (estimated age 14) 
and most are nature at 8.75 inches (estimated age 18). Afemale 
may produce as many as 100,000 eggs annually, which, Uke the 
eggs of the shortspine tfamnyhead are rdeased in gefetinous 
egg masses Uiat float to the surface. Two to four batehes of eggs 
may foe spawned each year. Larval fish are pelagic after hateh-
mg and ttansform into juveniles during July to Decemfoer. 
Young juvemles are pefegic for as long as 20 months and Ixgin 
setUing to the ocean bottom when atxiut two inches long 
SettUng starb during the summer of Uie year after they hatch. 
Juvenile longspine thomyheads setUe on deeper bottoms than 
do shortspuie thomyheads, with newly setUed juvemles occupy-
mg a br<3ad range of depdis fiom approximately 1,600 to 4,000 
fert. There does not appear to be a tendency for individuals to 
move deeper as they grow. Longspine thomyheacb grow to a 
maximum length of 15 inches. Their maximum age is piofoably 
at least 45 years. 

Status of Population 

Recent estimates from research Q-awl suney dafe mdicate 
Uiat total biomass of Uiomyheads off Calffomfe north of Point 
Conception b between 34,100 and 151,800 tens. Most ofthe 
total foiomass (14,400 to 101,200 tens) probably consists of 
longspine thomyheads. The extent to which fishing has re
duced abundance of thomyheads is not known smce no 
infoimation atxiut historical foiomass levels b availafole 

Sandra L.Owen 
(Talffomfe Department of Fbh and Game 

Lawrence D. Jacobson 
National Marine Fisheries Service 
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CALIFORNIA SCORPIONFISH 

History of the Fishery 

Calffomfe sooipionfish (Scorpaena guttata) foim a minor 
conunerdal fishery in Calffomia They are taken almost exclu
sively with hook and line (primarily srt lines) and inddentaUy 
by otter trawl and round haul nets; aU fish are sold fresh. Tlus 
fisheiy (in Calffomia centered between Sana Monica Bay and 
San Diego) has experienced a veiy long decUne, with peak 
catehes of 223,000 pounds in 1925. Thb was foUowed foy a 
downward trend until 1933, when 64,100 pounds were landed 
Commerdal catehes averaged 130,000 pounds from 1935-
1940 but were under 100,000 pounds during Worid War II. 
AlUiough the commercial catoh rebounded in Uie late 1940's, 
catehes never approached the previous peak year. Smce about 
1950, catehes have fluctuated but generaUy in a downward 
diredioa Catehes in die 1980's ranged from 17,000 to 62,000 
pounds, worth between $ 16,000 and $51,000 to fishermi:a 

Cunendy, much ofthe catch is made by dory fishermen out 
of Newport, who spKiaUze in this spedes. These fishermen 
concenttate their activities on the spawning giounds offshore of 
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Long Beach. As the piedse time offish aggiegation varies from 
year to year, occasional exploratoiy trips are made to the 
grounds txginning in May. Using long lines, the fishermen 
deploy 1,200-2,000 hooks on the foottom The hooks (foaited 
with anchovies, cut mackerel or other fish) are usually set about 
one hour foefore sunrise and puUed one to two hours feter 
TracUtionally, almost all of die catch is made from June through 
August when fishermen targrt spawmng aggregations. The 
recent fouth ofa Uve fish fisheiy (where fish are delivered aUve to 
restaurants and maikets) has increased uiterest in thb spedes, as 
sooipionfish are veiy haidy and quite popular with consumen. 

CaUfomia commercial passenger-carrying fishing vessel (CPFV) 
landings of scorpionfish, 1947-1969. 

CaUfomia commercial landings of scorpionfish, 1916-1969. 

CaUfomia commercial landings of scoipionfish, 1970-1991. 

Calffomfe scorpionfish are a moderately important part of 
the sport fisheiy in southem Calffomia They are taken prima
rily aboard party and private vessels, occasionally from pien 
and jetties, mostly from P t Mugu souUiward A creel census 
conducted in Uie nud-1970's indicated Uiat Uib spedes ranked 
twelfth in abundanoe among all fish taken aboard sport fishing 
pany vessels from Pt. Mugu southward 
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CaUfomia commercial passenger-cutrrying fishing vessel (CPFV) 
landings of scorpkinfish, 1970-1990. 

Status of Bioksgical Knowledge 

CaUfomfe scorpionfish Uve from Ude-pool depths to about 
600 fert (usually in afoout 20-450 feet) from Sana Cmz soutii 
alongBaja CaUfomfe and mto the Guff ofCalffomia Preferring 
warmer water, the species b common as far nonh as Sanu 
Barfoara WhUe they are most afoundant on hard foonom (such as 
rocky reefs, sewer pipes and wrecks), they are abo found on 
sand. Calffomia scorpiorffish make extensive spawning migra
tions in late spring and early summer, when most adults move 
to 12 te 360 foot depths, fonning large spawning aggregations 
on br near the foottom. Spawning occun in the same areas year 
after year, and it b likely that the same fbh retum repeatecUy te 
the same spawning ground. When spawning ends, the aggiega-
uons disperse and many (though not all) ofthe fish move into 
shallower waters. 

Calffomfe scorpionfish grow to 17 inches and some live at 
least 21 yean. After four yean of age, females grow faster dan 
nales and reach a ferger size. Although a few fish mamre at six 
uiches (one year), over 50 percent are nature by seven mches 
(two yean) and aU reproduce try nine inches (four yean). 
Spawning occun ftom April to August peaking m June and 
July. During spawning, scorpionfish aggregations nsc 141 off 
tiie bottom, sometimes approaching the surface ScorpKinfish 
are oviparous, have external fertiUzation and females produce 
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eggs imbedded in die gelatinous walls of hollow pear-shaped 
"egg-balloons." These paired stmctures, each five tci 10 mches 
long, are joined at their small ends. The walls ofthese "tal-
loons" are about 0.1 inch thick, transparent or greenish in color, 
and contain a single feya of eggs. Each egg is atiout .05 inch in 
(Uameter The egg masses float near the surface and the eggs 
hatch within five days. Vfeiy young fish Uve in shallow water, 
hidden away in habiats wilh dense algae and bottom-enciusting 
organisms Small crabs are probafoly the most important food of 
CaUfonua scorpionfish, aldiough odier items, suchas smaU fishes, 
odopl shrimps and even pebbles are sometimes eatea These 
animab are primarily nodumal and cateh food at night 

California scorpionfish, Scorpaerui guttata. 

The sharp spines on the ctonal, anal, and pelvic fins are 
poisonous. The toxin is produced in glands which lie at the base 
of each spine and ran up to the tip through a groove. A wound 
aldiough painfiil is seldom fatal, and the pain can be reduced foy 
bathing the wound in hot water. The heat alters the toxin's 
stmcture making it harmless. 

Status of Population 
No population estimates exist for Calffomia scoipionfish. 

The decline in numtien offish taken in the comniercial fbheiy 
over the past 65 yean is at least partly due to a deCTease in the 
number of fbheimen targeting thb species (fbhing effort), 
rather than an actual deCTease in abuiidance. However, daa 
from trawl smdies conducted by the Southem CaUfomia 
Coastal Watei Research Projed and the Orange County Sanita
tion DisUid from 1974-1984 show that Uiere are substantial 
short term fluctuaUons in Calffomfe scoipionfish abundance 
witiiin the southem Califomia Bight 

Milton Love 
Univenity of Calffomfe 
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ROUNDFISH: DISCUSSION 

The diverse roundfish group b composed of bentiiic (txit-
tom-dwdling) and a few pelagic spedes which are typically 

hanested as an assemblage (with some notable exceptions such 
as Pacffic hake). Roundfish form the mainsay of CaUfomfe's 
commerdal ttawl trap, and Une fisheries, as well as die 
commerdal passenger fishing vessel fishery in central and 
northem CaUfomia. The relative importance of Uiis group to 
the southem Calffomfe sport fisheiy is diminished by the 
seasonal availabiUty of other desi rable fish, such as tunas, jacks, 
and basses. 

In 1990, die commercial roundfish fisheiy in CaUfomfe 
was worth $21.3 mUUon doUan to the fishennen. Most ofthe 
commerdaUy valuable roundfbh, particulariy rockfbh. are 
maikrted in fdlet fona The naiketing of line-caught n x ^ s h 
and Ungcod in whole, and even Uve, form has risen dramatically 
in recent yean, due in part to a prohibition on the use of gUI neb 
to take nxkfish in state waters, decUnes in salmon ttoU fisher
ies, and heightened consumer demand for high-<)uaUty fresh 
fish in major uifoan centers. 

Thb is a mature, refetiveiy stable fisheiy, and pronounced 
landings fluctuations are unlUcely ui the foreseeable future. 
Howevet the unfished popufetion of shortfoelly rockfish in 
central Calffonua holds great fisheiy potential, for scientists 
estimate that at least 14,800 tons could foe hanested annuaUy 
The domestic fishery for Pacffic hake (narieeted as whiting) off 
Calffomfe could expand as weU. Until die fete 1980's, Uie hake 
popufetion was only moderately exploited and a smaU shore-
based trawl fishery existed in Eureka and Crescent City. But 
heightened foreign and domestic demand for headed-and-
gutted whiting and the devdopment ofa surimi or minced fish 
product has caused greater lancUngs and complete coastwide 
utilization of the fishable populatioa The Padfie Fbheiy 
Management Coundl (PFMC) has an allocation pfen under 
development to apportion the avaUable cateh among shore-based 
trawler/processor, and (Ashore processor serton Such a plan 
could benefit Calffomfe's tracUtional shore-based hake fisheiy by 
providing an increased quofe share to shore-foased operations. 

Most roundfbh populations are at or near fiiU utUizatioa 
In additioa die fishing power of vesseb targrting roundfish has 
inaeased tremendously. Consequentiy, catch cjuotas, addi
tional gear restrictions, and other regufetions have become 
inaeasingly necessaiy to prevent overexploitation. In 1992, 
cateh Unrub were applied to txxacdo, widow, chilipepper, and 
shorttielly rockfishes, safolefish, and Pacific hake Fumre regu
fetoiy actions are lUcely to focus on user group conflicts, excess 
fishing effort and other scxio-economic issues. Cunentiy. 
commerdal/recreational user confUrts over nxkfish catches on 
common fbhing grounds and trawl/nontrawl disputes over 
sablefish catch allcxations have engendered compl icated depth, 
seasoa and area prohibitions, as well as contentious cateh-
sharing ratios. Tocurfo suiplusfishing effort, the PFMC plans to 
implement license Umitation in the commerdal grouncffish 
fishery in 1994 and b smdying the desirability of uidividual 
fishing quotas. 

Frands D Henry 
CaUfomfe Department of Fbh and Game 
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TUNAS 

ALBACORE 

History of the Rshery 

The altacore (Thunnus alalunga) b a highly migratoiy 
species valuafole to conunerdal and sport fbheries m Calffor
nia Commerdal allncore fbhing foegan offsouthem Calffomfe 
near the tum of thb century. In 1903, an experimental pack of 
700 cases of albacore led to the development of the U.S. tuna 
canning industty. Ttie fisheiy expanddl quickly in response to 
the almost instantaneous high demand for canned tuna, which 
quickly outpaced the supply of albacore. By the 1920's, biuefin, 
yeUowfia and skipjack ttuas were also being canned However, 
allacore is the only tuna species which may lx marketed as 
"white meat tuna," and it forings a premium price at the dcxk and 
in the can 

The geographic range of die U.S. north Pacific alfoacore 
fishery has expanded during the past eight decades. Early 
commerdal fishermen made one-cfey trips within coastal wa
ters offsouthem Calffomia. The fishery extended northward 
and seaward, and foy the late 1930's it reached to waten offthe 
Padfie northwest and several hundred miles offshore. There 
was a major offshore extension in the mid-1970's across the 
central Pacific to afoout the DateUne. However, foeginning m the 
mid-1980's, Uiere has foeen a general shrinking of die foreadUi of 
die fbheiy to within about 500-600 nules ctf Uie Pacific west coast 

Since the early 1980's, about 90 percent ofthe annual 
albacore catch has been made by troUmg jigs and 10 percent foy 
Uve-foait pole-and-Une fishing. In eariieryean, Uve-bait fishing 
sometimesaccountedforup to 40 percent of the annual catch. In 
some yean, up to a few hundred tons of alfoacore may foe caught 
liy purse seine vessels, usuaUy incidental to foluefin tuna fishing 
Califomia-foased drift giUnet vessels also catch smaU quantities 
of albacore incidental to shaik and swordfish fishing. Gener
ally, two fishermen conduct fishing operations from ttoll ves
sels and Uiree to five fishennen from live-bait vesseb. Many 
vessels which fish for albacore also take part in other fisheries. 
Thdr partidpation in the albacore fishery depends on the price 
and avaifebility of albacore, the success of other fbheries, and 
weather conditions during the albacore seasoa In the 1940's, 
Uiere were about 500 vessels in the albacore fleet A high of 
3,000 boab was reached in 1950; the number dropped to about 
1,000 vessels by I960, cUnrfied to 2,100 vesseb during Uie 
1970's, and dropped to fewer than 500 boab in the fete 1980's. 
The average size of allncore jigfooab is about 45-50 feet with a 
sea-keeping capafoUity of atiout one to two weeks. In recent 
years, there has foeen a steady increase in vesseb of 60-80 feet 
which are capafole of fishing at sea for six to eight weeks. The 
larger vessels may partidpate m a virtual year-round albacore 
fishery by fishing in mid-North Pacific waten, the North 
American coastal fisheiy, and in the recenUy esfebUshed south 
Padfie albacore fisheiy. 

The North Pacffic alfoacore stock b also hanested foy Asian 
fisheries, including a Japanese poie-and-line fishery in the 

spring, which targets two to five year old fish offthe Japanese 
coast eastward to near the Emperor Seamount chain There are 
also Japanese, Taiwanese and South Korean longUne fisheries, 
which target five to seven plus year old albacore in subttopical 
and temperate waten aaoss much ofthe Pacific during wuiter 
Beginning in the eariy 1980's, Asian high-seas drift gUUiet 
fisheries have targrted two to four year old albacore across 
much of die Pacffic. In additioa diere b a relatively smaU 
Canadian ttoll fishery for albacore during yean when they are 
distrifouted in waten off Britbh Columfoia 

CaUfomia commercial landings of albacore, 1916-1969. 
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CaUfomia commercial landings of albacore, 1970-1991. 

In the late 1890's and early 1900's, sport fishermen on 
private bcab would fbh for large biuefin tura inside the 
Channel blands. The 10-20 pound albacore, which would 
strike the taitintendedfora 100 poundfoluefia were considered 
a nuisance and were usuaUy tosed over the side after fending 
GraduaUy, some fooab foegan va cany ^ i b anglen as pa>ing 
passengers, who quickly came to appredate the fighting and 
eating qualities of the allncore, or "longfin tuna," as tiiey are 
often called The fishing for hire partyfooab gained in popularity 
m soudiem Calffomia, and bythe 1950's, about 100-150 fished 
for alfoacore in neanhore waters. 

In the 1960's, the altiacore runs foegan to shift outside die 
Channel Islands and to waten off upper Baja Calffomia over 
50 mUes from southem Calffonua ports. In response to itiis, 
larger commerdal passenger fishing vesseb widi a greater 
range were fouUt Today, there are about 40 large commeraal 
passenger fishing vessels, mosdy m southem Califomu and 
some in the Morro Bay and San Frandsco area that are capable 
of carrv ing 20 to 60 sport fishermen on one to threc-dav fishing 
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dips. In addition to the large vessels, tiiere are about 50 to 60 
smaller vesseb that typically are chartered to smaller fishing 
parties of around six 
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Calffomia commercial passenger-carrying fishing vessel landings 
of albacore, 1947-1969. 

CaUfomia commercial passenger-carrying fishing vessel landings 
of albacore, 1970-1990. 

As the result of inCTeased numben of private boats, the 
ready availafoUity of modera commerdal passenger-carrying 
fishing vesseb (CPFV), and improvements in spon fishing 
gear, alfoacore sport fbhidg has become increasingly attractive 
to Calffomfe anglen. In fact, the first albacore of the season 
caught in soudiem Califonua waten sets off "albacore fever" 
among recreational fishermen. No other sport fish in southem 
Calffomfe dic ib Uie exdtement exhibited each year by the 
thousands of fishermen pursuing allncore. Over I20,0(X) an
glen go out on southem Calffonua CPFVs in search of altacore 
during the course ofa seasoa Alfoacore sport fishmg in southem 
Califomia contributes about $23 miUion to the local economy 
Uirough Uie purchase of the fooat ticket tackle, food gas, 
Ucenses, and lodguig. 

Status of Biological Knowledge 
The albacore is a highly advanced teleost with nany 

specialized acfeptations. It is capable of thermoregufetioa has a 

high metafooUc rate, an advanced cardiovascular system, 
speciaUzations in the circufetory system and folocx^gas ex
change sy-stems, distinctive enzyme and complement systems, 
and high energetic cosb for migratton which may foe partly mrt 
by utiUzation of stored fat 

Albacore, Thunrtus alalunga. 

The distribution of albacore b cosmopolitan in subtropical 
and temperate waten of all oceans. Off the coast of North 
America the distribution during summer and faU months may 
range fitim lower Baja CaUfomia, northward to die C^ieen Char
lotte Islands, Canada, and occasionally into tiie Guff of Alaska 

There b a growing foody of evidence that the North Pacffic 
alfoacore popufetion b not as homogeneous as is usually as
sumed Resulb from alfoacore tagging stucUes suggest that at 
least nvo proposed sufogroups offish constimte the North Pacffic 
albacore population and that these subgroups have different 
nugratory pattems, mcxlal sizes in the U.S. fishery, growth 
rates, and peak spawning periocb. While the subgroups are 
geographically separated and are differentiated by dissinulari-
ties in foiological or fisheiy sfetistic criteria ttiey are not 
foeUeved to foe genetically distinct 

Albacore make extensive movemenb during their Iffetime. 
The degree of migration b geographically most expansive in 
the pre-adult ages between about two and five years. Fbh of 
these ages may condurt trans-oceanic migrauons in temperate 
and subtropical waten, foUowing wdl-defmed routes foetween 
die eastem and westem or central Pacific. Howevet die spawn
ing adulb, above about six yean, undertake relatively lunited 
movements, mostly within the sufotropical and tropical regions 
of either the westera centtal or eastem Pacific. 

Resulb fiom extensive alfoacore tagging indicate Uiat the 
northem subgroup of alfoacorebfished foy theU.S. fisheiy north 
ofabout 40° N, the Japanese pole-and-luie fishery in die westem 
Pacific, and the Asian longUne fisheiy. The southem subgroup 
appean to be fished by the U.S. fisheiy south ofabout 40° N, and 
the Asian longline fisheiy. but only to a Umited extent by the 
Japanese pole-and-Une fisheiy. 

Based on physiological research fmdings, the noimal 
habifet of albacore is within a temperature range of 50°-64° F. 
wiUi dissolved oxygen saturation greater Uan about 60 percent 
While individuab may temporarily move into waten outside of 
Uiese values, thermoregufetion and respiration fimctions will be 
adversely affeded and operate marginaUy The acoustic ttack
ing of free-swimming albacore has demonstrated that alfoacore 
customarily live within the depths of the thermocline, ratiier 
Uian the upper mi.xed layer as has been generally presumed 
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The migration, cUstributioa avaUabiUty, and vulnerabiUty 
of alfoacore are sttongly influenced by oceanographic concU
tions m the Pacific Ocean, notably oceanic fronts. The seasonal 
migration of albacore uito North American coastal waten b 
assodated with the North Pacific Transition Zone water and its 
frontal boundaries. In additioa oceanographic condiuons also 
play an important role in the kxal concentrations and move
ments of alfoacore in coastal waten off North America Afoa-
core tend to aggregate on the warm side of upwelUng fronb and 
move away from the fronts upon their disintegration in response 
to wind shifts unfevorable for upweUing SateUite images of 
(xean color and sea surface temperature and concurrent alta
core catch dafe clearly show that the distriliution and avaifefoil-
ity of alfoacore off CaUfonua are refeted to coastal upwelUng 
fronb and that albacore are most abuncfent in warm, dear, blue 
oceanic waten near temperature and color fronts at the seaward 
edge of coastal water masses. 

It is presumed that albacore aggregate in the vicinity of 
upweUmgfronbto feedon smaU fishes, squids, and cmstaceans 
that are plentifid in these areas. Yrt it remains unclear what 
physical faaon prevent albacore ftom crossing to the ccxiler 
side of Uiese fronb m order to reach the highest potential forage 
biomass. Past Ixlieb have sttessed confinement to a physiolog
ical optimum temperature range; however, explanations for 
enviromnental preferences of albacore are changing as new 
knowledge is accjuired The fmding that albacore can regufete 
Uieir body temperatures suggesb da t temperamres on Uie cool 
side of an upweUuig front should not foe limiting Sttidies of 
free-swimming alfoacore in relation to ocean thermal stmcture, 
using acoustic telemetty and coinddent oceanographic sam
pling, have shown that whUe alfoacore would not cross from the 
warm side to the cool side of an upweUing front which had a 
horizontal sea surface temperamre gradient ofabout a 4° F over 
a few miles, the fish would routinely swim through vertical 
temperature gradienb up to afoout 18° F. The fish made exten
sive vertical excunions up to several hundred yards and crossed 
die UiermocUne in waten adjacent to the upweUing front 
Recent research involving accxmic telemetry of freeswinuning 
alfoacore, satellite measuremenb of ocean color and tempera
mre, and oceanographic sampling erf'water optical and other 
characteristics, and potential forage abundance, indicates that 
water clarity as it afferts die abiUty of albacore to detert prey b 
an important mechanbm underlying the aggregation of alfoa
core on the warm, clear sides of upweUing fronts. 

Status of Population 

Fishing effort and catch of albacore in the Japanese pole-
and-Une and die U.S. surface fisheries have declined, foeginning 
in the early 1980's. In contrast recent landings in die Japanese 
longUne fishery have foeen relatively constant and there has 
foeen a rapid development of Asian gillnet fisheries that harvest 
large numfoen of alfoacore in the North Pacific. 

Several fadon are assodated with the decline in the 
uadiUonal surface fisheries, fout Uieir relative importance b 
unknowa It appean that no single fedor b responsible, but Uat 
Uie decline in catches is a lesult of complex interactions among 
fartors, mcluding (I) a ledurtion m overall fishing effort for 

albacore, (2) lack of fishing in areas of uracUtional high catoh, 
(3) indications of populauon decUne and (4) major anomaly 
patterns m oceanographic conditions across much ofthe Nonh 
Pacific in die mid-I980's and early 1990's. 

R Michael Laun and Ronald C. Dobon 
National Marine Fisheries Service 
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NORTHERN BLUEFIN TUNA 

History of the Rshery 

Fishing for northern foluefin tuna (Thunrtus thyrmus) foegan 
ui Calffomfe as a sport in 1898. Prior to Worid War I, many 
large fish were taken, particularly by vesseb foased at CataUna 
bfend. The largest ofthese fbh weighed 251 pounds. More 
recenUy, the average size of the sport-caught fish has been 
roughly 25 pounds, although large fish are sdU takea Most of 
the sport-caught fish are taken by fbheimen who are duecting 
their efforb primarily toward alfoacore 

The commercial fisheiy for northem biuefin foegan ui 
1918. Since foluefin are rarely caught by the ttoll baitboat or 
giUnet fisheries, the catches by purse semen have far exceeded 
those foy any other type of gear. From 1918 until afoout 1960, 
most of the vesseb were relatively smaU, with capacities less 
than afoout 200 short tons. None of them fished exclusively for 
foluefia The smaller ones, sometimes referred to as wetfish 
vessels, fished chiefly for sardines, mackerel and pelagic fish 
other than ttopical mnas, and die larger ones fished mostly for 
yeUowfin and skipjack. During 1959 and 1960, nrxist of the 
larger tuna foaittxab were converted to purse semen and 
during the ensuing years, many new purse seinen were buUt 
During Uie 1960's, 1970's, and 1980's, many of Uie smaller, 
older vesseb sank or dropped out of die fbheiy, and Uie new 
vessels which repfeced them tended to be larger. As a result 
there are now more larger purse seinen and fewer smaller ones 
tiian there were during the eariy 1960's. Biuefin are now taken 
by vessels ofall sizes, fout the smaller ones (capacities less Uan 
about 400 short tons) account for a proportionally larger share 
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ofthe catch. The proportion of the biuefin catch made by the 
wetfish fleet is less now than it was during the early yean ofthe 
fishery, because inaeased exploitation in the soulhem haff of its 
range has shifted the center of abundance of the bluefm 
popufetion southward beyond the area where these vessels 
normally fish. Most of the fish caught by purse seinen weigh 
less than about 50 pounds, foul larger ones are sometimes 
caught, inclucUng one weighing 1,009 pounds. 

Calffomia commercial landings of bluefm tuna, 1918-1969. 

CaUfomia commercial landings of bluefm tuna, 1970-1991. 

Most of the information regarcUng distrifoution of the 
catches of northern biuefin tiy tuna purse seinen has been 
obtained from the logbook recorcb of Uiese vessels. Bluefm are 
rarely encountered south of Catxi San Lucas, Baja Calffomfe, or 
north of Point Conceptioa Calffomia Within thb area, a 
consideiable change has taken place during the 20th centuiy. 
Until 1930, fishing was condurted only off Calffonua. During 
that year, foluefin were discovered ojff Isla Guadalupe, Baja 
California, and afoout 40 percent ofthe cateh was made in that 
area. From 1930 through 1947, fistiing was condurted off 
CaUfomia and Baja CaUfomia, fout in most yean the majority of 
the catch came from off Califomia From 1948 to the present 
however, most ofthe catch has foeen made off Baja Calffomia 
The average annual catches made off CaUfomia during the 
1960's, I970's, and 1980'shave foeen considerafoly less Uian the 
average annual catches made in the same area during the 1918-
1929 period This may be because, during more recent years, the 
ferger vessels fishing off Baja Calffomfe have tended to inter
cept the fish before they reach Uie waters off Calffomia 

During Januaiy through April, there are typically only 
Ught and sporadic catches. Most of Uiese are made offthe coast 
df Baja Calffomfe foetween 24° N and 26° N and in die vidnity 
of Isla Guadalupe. In May and June, the catches increase, and 
most of them are made foetween 24° N and 27° N. In July, the 
fishing area spreads to Uie north and b at ib broadest distri
bution of die year, most of die catch is made between 25°Nand 
33° N. In August Uiere are usually only light catehes at the 
southem end ofthe fishmg area, most of die catch being made 
foetween 28° N and 33° N. In Septemfoet most ofthe catch b 
made in die same area as in August, but die amount of catch b 
usuaUy considerafoly less. In Ortober, the catches continue to 
decline, and most of Uiem are made north of 30° N. In Novemfoer 
and December, as m the fint months of Uie year, the catches are 
Ught and sporadic. 

Small amounb of northern biuefin are caught off the 
Calffomfe coast by drift giUneb andfiirther offshore by longUne 
vessels. Exttemely large foluefin are caught m some yean off 
southem Calffomia, principaUy during Noyemfoa and Decem
ber. Nearly 1,000 such fish were caught during the period from 
Octofoer 31,1988 to January 3,1989. Most of Uiese were flown 
to Japan, where they forought high prices. 

. . I i-l I - • - • I • • ! • • 

Calffomia commercial passenger-carrying fishing vessel landings 
of bluefm tuna, 1947-1969. 

CaUfomia commercial passenger-carrying fishing vessel landings 
ofbluefm tuna, 1970-1990. 

The total annual catehes of northem biuefin by commerdal 
and sport vesseb in the eastem Padfie Ocean prior to 1918 were 
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negligible The data for 1918 through 1960 include only the 
catches fended in CTalffomia, fout it is beUeved that the catches 
landed elsewhere prior to 1961 were inconset]uential. Ttie 
subsurface catches are not induded in the figure, but these are 
also believed to be inconsequential. The catches tended to foe 
greater during the 1960's and 1970's than during the previous 
period probably because ofthe convenion during 1959 and 
1960 of most of the ttma foaifooab to purse seiners, and the 
addition of many new purse seiners to die fleet 

Biuefin tuna, Thunnus thyrmus. 

Status of Biological Knowledge 

Spawning of northem biuefin occun txtween Japan and 
the Philippines in AprU, May, and June, offsouthem Honshu in 
July, and in the Sea of Japan in August The fenae, postiarvae, 
and juvenUes pioduced souUi of Japan are carried northward by 
die Kuroshio Cunent toward Japan. Fbh in Uieir first year of 
Ufe, about six to 24 inches in length, are caught in the vicinity of 
Japan diuing the summer, faU, and winter The resulb of 
tagging experimenb indicate that some ofthese remain in the 
westem Pacific (Dcean and othen depart for the eastem Pacffic 
during the faU or wuiter of Uieir fint year of Ufe or the summer, 
faU, or winter of theu second year oflffe. The joumey from the 
westem to the eastem Pacific takes as UtUe as seven months, or 
perhaps even less. 

The fish which migrate ftom the westera to the eastem 
Pacific form die basis for the fisheiy in the eastem Pacific. Most 
of the fish caught are in their second or third year of lffe, but 
some older, larger fish are also taken. After a sojourn in the 
eastem Pacffic, which may or may not tie interrupted by 
temporary vbits to the central or westera Pacific, the survivon 
remm to the westera Pacific, where they evenmaUy spawa 
Spawning fint occun at about five or six yean of age. 

The appioxunate length and weight attained foy noithera 
foluefin at various ages ait: age 1,23 inches and 10 pounds; age 2, 
3 3 inches and 28 pounds; age 3,43 inches and 60 pounds; age 4, 
53 inches and 109 pounds; and age 5,63 uiches and 177 pounds. 

Northem foluefin consume many spedes offish and inver
tebrates in the eastern Padfie, including anchovies, red crabs, 
sauries, squid and hake. Red crafos are a significant part ofthe 
dirt only south of 29° N. "Boiling" and jumping schoolsof fish 
are much more common north of that fetitude, where fish are 
the prindpal item of Uie diet The differences in behavior in the 
two areas could foe due to differences in the food '•̂ •> Filter 
feeding might foe employed for feeding on red crabs, while 
punuit of individual fish would foe required for feecUng on fish. 
Japanese sdentists have reported that foluefin are heavily depen

dent upon sardines for food in die westem Pacffic. Albacore 
yeUowtail barracuda, and nackerel compete wiUi northern 
biuefin for food ui the eastem Pacific. 

Status of Population 

There has been a decUne in Uie catches of northem biuefin 
in the eastem Pacific in recent yean. Cateh data, lengUi-
frequency data, and data oh fbh fegged in the westem Pacific 
and recapmred in the eastem Pacffic suggest that Uus decluie is 
due to a deaease in the availabiUty of bluefm in Uie eastem 
Pacffic (i.e., a deCTease in the proportion of Uie popufetion 
which has migrated to the eastem Pacffic). 

WiUiam KBayUff 
Inter-American Tropical Tuna Commission 
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YELLOWFIN AND SKIPJACK TUNAS 

History of the Rshery 

The faUure ofthe historic sardine runs offsouthem (TaUfor-
nia m 1903 reputedly led to the development of the tuna 
fisheries. Tuna was first canned in CaUfomfe in that year, and 
by 1907 Uie industiy was well estabUshed. Initially, it depended 
on alfoacore for raw naterial and developed at a moderate rate 
until fendings foecame erratic. As a result the fisheiy expanded 
southward along the coast cf Baja Calffomia and the Mexican 
mainland tuming toward yeUowfin (Thunrtus albacares) ani 
skipjack (Kalsuwonus pelamis) tunas in search of steady sup
plies to satisfy increasing demand The spectacular decline of 
the albacore fisheiy in 1926, and its almost complete faUure ui 
1928, caused the industiy to rely more heavily on yellowfm and 
skipjack, and these two species tiecame of najor importance. 

During the eariy days ofthe fisheiy, Ixab were smaU and 
catehes were preserved on ice. With these Umifetions, the mna 
caught from souUiera Calffomfe souUi along Uie coast of Baja 
CaUfomfe and the mainland of Mexico were capmred near 
shore and on ouUying banks and islands. The bai t used to anrart 
the mna was also caught near shore and carried alive aboard the 
baitfooab for use in the pole-and-line fbheiy. In 1927, ttie fust 
two mna clippen, large baitfooab over 100 feet in lengUi, were 
construaed In time, the ferger fooab foegan to explore fiuther 
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offshore. Fishing was condurted at the ecpatorby 1931, and by 
1934 some vessels expanded operations to the Guff of Panama 
and Galapagos Islands; some went stUl farther south to Pem 
Bank by 1950. 

Calffomia commercial landings of yellowfm tuna, 1918-1969. 

CaUfomia commercial landings of yeUowfin mna, 1970-1991. 

The development of brine refrigeration in Uie fete 1930's 
contributed to the geogi^hical expansion of the fishery foy 
permitting vessels to increase in size and stay at sea for longer 
periods, thereby also increasing thdr range. Developments 
prior to 1957 that also helped fishing operations included radio 
telephones, depth mrten, direction finclers, and the periodic use 
of airplanes with floab. During the mid-1960's some of the 
larger vessels in the fleet also foegan using heUcopten to search 
for fish. In 1957, however, the evolution of strong light-weight 
nylon netting and the intttxhirtion of die power block for 
rapidly hauling such l a r p nets, set in motion the irrevenible 
and rapid convenion of foaitboab to purse seinen. This new 
gear, much more effident than baitboats, relied on endrcling 
fish schools with a vertical waU of suspended netting that could 
also be pursed at the bonom to prevent escape. Thedevdopmcnt 

of this gear also hastened the production of new vessels such 
Uiat the ratio of pune seinen to foaitboab that existed in 1961, 
124 to 93, peaked in 1979 at 268 to 45. Since thea die numba 
ofsurface vessels ofall nations operating in the eastem Pacffic 
Ocean has consoUdated to die 1989 ratio of 172 seinen to 30 
baitboats, wiUi total capadties of 133,500 and 3,000 tons, 
respectively. The development of die purse seine eUminated the 
previous dependence on foait and litxrated the tuna fleet to 
search for fish far offshore. By 1968, vesseb had penettated the 
eastem Pacific as fer west as 115° W longimde, and continued 
fishingsuccess stimufeted fiirther expansion to about 145° Wby 
1974. At present and with the exception of the area around 
French Polynesia, the fisheiy for yeUowfin and skipjack ttinas 
in the eastem Pacific includes the tropical and subttopical 
regions between 150° W and the mainland of die Americas. 

CaUfomia commercial landings of skipjack tuna, 1918-1969. 

CaUfomia commercial landings of skipjack tuna. 1970-1991. 

The U.S. Pacific mna fleet Insed in southem Calffomfe 
developed to legendaiy proportions through many decades of 
enteiprise and inncvaUoa As an integrated industry involving 
neariy 2,000 fishermea about 6,000 additional employees were 
also engaged in canning, focnt fouilding and repair facUiues. 
Over the brief span of two yean, however, from 1982 through 
1984, Uie major canneries in southem Calffomfe relocated 
oubide die continental U.S., and the presence of Uib najor 
mdustiy virtuaUy disappeared from the area The total number 
of U.S. foaitboab and purse seinen fishing in die eastem Pacffic 
also decUned from the average values of 150 and 184 vessels ui 
die 1960's and 1970's respectively, to an average of 74 during 
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die 1984-1989 period Approxunately 75 percent ofthe purse 
seiners registered in CaUfomfe now fish in the westem Pacific, 
and ttansship or unload their catches to canneries m Asia 
American Samoa, various ports in Cenual and SouUi America, 
and Puerto Rico. 

CaUfomia commercial passenger-carrying fishing vessel landings 
of yellowfin luna, 1970-1990. 
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Calffomia commercial passenger-carrying fishing vessel landing 
of skipjack luna, 1970-1990. 

YcUowfm tuna, TTiiuinuj albacares. 

Status Of Biological Knowledge 

The distrifoution of adult yeUowfin is widespread in the 
ttopical Pacific, ranging north and south into temperate waten 
during warm montiis when sea-surfece temperatiues are in the 
mid-70's. In die eastem Pacific, individualslave foeen recorded 

from northem Chile to southem CaUfomia. Skipjack tuna are 
cosmopolitan m distribution; they tolerate cooler water U\an 
yeUowiSn and range throughout the ttopical and temperate seas 
In the eastem Pacific individuals have been recorded from 
northem Chile to Cape Blanco, Oregoa 

Tunas generally travel in schcxib vaiying in size from a few 
fish to several hundred tons. Individuab of sinular size tend to 
school together, however, at times there b considerafole varia
tion in the sizes of tuna in a school. The yellowfih and skipjack 
Ul mixed schools tend to be sunUar in size, but the sizes of 
yeUowfin ui pure schoolsare more variable. Although yellowfin 
are found in asscxnation with dolphin during the daytime to 
some degree in all the world oceans, Uie relationship is paittou-
ferly weU developed in the eastem Pacific. In contrast few 
skipjack asscxiate wiUi dolphins in any locality. 

Experimenb in which yellowfin have been fegged and 
recaptured at a later date incUcate that there b a single popula
tion in the eastem Pacific. Seasonal migmions appear to be 
primarilyalong the coast with some mixing offshore. There b 
no large-scale movement ofishore, and to date no yellowfm 
agged in the eastern Pacific has lieen recovered in the central or 
westem Padfie. Skipjack represent a more complex simation in 
that the fbhery in the eastem Pacific is supported foy migration 
from the central Pacific. There appear to foe two entty points, 
one group entering the eastem Padfie to the north near Baja 
Calffomfe, and the other spreacUng southward toward Central 
and South America. Skipjack enter the fisheiy when they are 
about one to one and a half yean old and after several months 
most are thought to remm to die centtal Pacific to spawn at Uie 
age of two to two and a haff yean. The skipjack in the northem 
group move north along the Baja Calffomfe coast during spring 
and eariy summer, and southward m fete summer and fall. The 
southem group that appean mostly off Panama abo undeigoes 
seasonal movemenb northwest to Central America and south
ward to Ecuador, Pera and norUiem ChUe. 

YeUowfin spawn across the Pacific in ttopical and sub
ttopical waten, generally at temperatures afoove 78° F, and the 
fenae are found year round near the equator In the eastem 
Pacific, although spawning takes place aU year, there are peaks 
Uiat occur in different areas at different times. Ttie spawning 
intensity offthe coasb ofMexico and Central America results ui 
two major seasons, but it b more evenly distrifouted farther 
offshore. The proportion offish that are spawnen also appean 
to foe greater offshore than near the coast. On Uie other hand 
although skipjack lanae are also more abundant m equatorial 
regions, their numbera increase from east to west across the 
eastem Padfie. During fete winter and spring months some 
skipjack spawning takes place off Centtal America and during 
April through November, off Baja CaUfomia Yellowfin lanae 
are known to migrate to the surfece during the daytime, but 
skipjack lanae prefer to do so at night 

Several different methods have foeen used to esumate the 
ages of yellowfin and skipjack mnas. These have mcluded 
agging, the maikings on hard parb, such as otol iths. vcrtcforae 
and scales, as weU as the growth over time of reoogni/abie gze 
groups offish. The estinated sizes of footh sexes of vdtowfm 
during lhe fiist five yean are 19. 35, 50, 61. and 67 inches. 
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respectively After reaching maturity, female yeUowfm tend to 
grow more slowly than males, and most females have also 
disappeared from the fisheiy by the time they are about three 
and a haff years old In the eastem Pacific, yeUowfin females 
can foegin lo mature when they are nearly two yean old 
pioducing one mUUon eggs at that age. Their fecuncUty in
aeases rapidly, though, such that Uie average three-year old 
produces five mUUon eggs. In die eastem Pacffic. Uie estimated 
lengths of skipjack during the fint four years are 17,27.3 3. and 
36 inches, respectively Skipjack females mature earlier Uan 
yeUowfin, at afoout one year or older. Theu fecundity also 
inCTeases with size, a 24-inch female produdng 400,000 eggs 
compared to afoout one miUion for a 29-inch fbh 

Skipjack tuna, Katsuwonus pelcmis. 

Status of Population 

During the mid-1960's, the inaeasing number of vesseb 
and the efficiency of the emerging purse-seine fleet began to 
reduce the nearshore abundance of yellowfin in the eastem 
Padfie. The catch Umits recommended by the intemational 
body conducting fisheries research in the regioa the Inter-
American Tropical Tuna Commission, were fint unplemented 
in 1%6, and annual quotas were in effect thereafter until 1979. 
The fisheiy foegan to recover ui the fete 1960's as the fbheiy 
simultaneously expanded ofllshore, but during most of the 
1970's the fishermen began to concentrate more on catehing 
younger and smaUer fish than larger adulb. AlUiough the 
offshore expansion helped to uicrease the tonnage caught the 
net effert was a steady erosion ofthe cveraU numfoer offish. Thb 
si tuauon came to a head in 1982 when the declming harvest was 
fiirther reduced foy advene environmental conditions, and a 
substantial portion of the fieet moved to the westem Pacific, 
where a number of vessds lad been fishing successfiUly for 
several yean. The afosence of heavy fbhing on the eastem 
Pacific stock, and successive yean of exceptional survival of 
young fish, brought about Uie recovery of die stock. By 1985, as 
fishing activity ui Uie eastem Pacific foegan to increase agaia 
the fishennen also concentrated on catehing the larger and 
older fish raUier than the smaller fish that had not reached their 
fidl growth potential. As a result the total cateh during 1987 
Uuough 1989 averaged 315,000 tons per year, a quantity Uai 
exceeded all previous records. 

YeUowfin b Uic prindpal tuna spedes hanested in the 
eastem Padfie, and the catches of skipjack are therefore fre
quentiy influenced by Uie amount of effort directed toward 

yeUowfia WhUethbaccouhbforsomeoftheannualvariafoiUty 
in skipjack catches, the most important fador is diat Uie catoh b 
dependent upon die varfefole amount of immigration from the 
central Pacific. The catches in the southem fbheiy are generally 
afoout twice as large as those in Uie north, but fiequently the 
improvement in one region b partiaUy offset by a decline in the 
other. Thb may foe due to the influx of young fish from the 
central Pacific favoring cUfferent regions. The relative abun
dance ofskipjacJc declined during the earty 1970's, as did that of 
yeUowfin, but it reccTvered during die fetter part ofthe 1980's. 
The average cateh of 88,000 tons during 1987 through 1989 
compares fevoiably with the average of 65,000 tons during the 
1960's. Consetjuently, the historic levds offishing intensity and 
past evenb do not seem to have a predictafole influence on the 
futtire abundance eff skipjack. 

Alex WUd 
Inter-American Trc^ical Tuna Commission 
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PACIFIC BONITO 

History of tfie Fishery 

The Pacific bonito (Sarda chiliensis) has been ranked as 
one of the top 10 species sought by recreational fishermen m 
southem CaUfomia With the expansion of the commerdal 
passenger fishing vessel (CPFV) industiy after World War 11 
recreational fish catehes increased from a few thousand in 1947 
to over one milUon fish in 1960. Bonito, an important mainstay 
of Uiat industiy, was ranked fourth in importance among recre
ational fishes of southem CaUfonua by CPPW landing operaton. 

During the 1980's, more than one-haff of the foonito catch 
was made from private boab as this method of angling became 
inaeasingly popular. Recreational catehes have ranged from 
352,000 to 2.7 miUion foonito per year. Of Uiese. annual CPFV 
fenduigs ranged from 120,000 to 654,000 fish. Thefoulkof Uie 
catch consists of one-year-old bonito approximately 18 inches 
long. During faU and spring migrations, larga rwo-year-old 
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fish become available lo anglers. About five to ten percent ofthe 
landings consists offish larger than 24 inches. 

• - • I 

CaUfomia commercial passenger-carrying fishing vessel landings 
of Pacific bonilo, 1947-1969. 

1 llll 11 I I 

from Calffomia operated primarily in the ttopical waten off 
Me.xico and Central and South America Although the primaiy 
targrt was yeUowfin tuna, these fishennen often took bonito 
whUe remming to the United Sates to help crompensate for a 
poor ttma catch. Also, during the I970's, seasonal closures were 
placed on the direrted take of yellowfin tuna. Bonito were 
haivested by these vesse;b so that an uiddentaUy allowed catch 
ofthe more valuable tuna could foe landed 

^ 

California commercial landings of Pacific bonito, 1916-1969. 

I •> I 

Califomia commercial passenger<arrying fishing vessel landings 
of Pacific bonilo, 1970-1990. 

The concentration of angUng effort off populous southem 
CaUfoma probably accounb for over 75 percent ofthe catch 
being taken from coastal waten extending from MaUbu Beach 
to the Coronado Islands. Howevet foonito extend their range 
northward with warming sea temperatures, and diuing the 
1982-1983 El Niiio an estimated 70,000 fish were caught off 
northem Calffomfe. Significant catehes were also made there 
in 1984 and 1986. 

Bonito are weU known for their fighting afoUity. They are 
taken by anglers usmg live anchovies or sardines for bait or foy 
casting or ttolUng with metal lures and feather j igs The folood-
rich muscle tissue of foonito degrades rapidly afta capmre, and 
some anglen do not keep them for food Immedfete foleeding and 
refrigeration wiU maintain foonito as a high cjiaUty food fish 

The najor commercial fishing gear for foonito is the purse 
seme The purse seine flert consisb of two general groups: the 
local "wetfish" vesseb with fbh load capacities of 30-100 tons, 
and the larger mna seinen capable of carrying 150-500 tons. 
Weffish boab harvest mackerel and sardines, but seasonally 
arget bonito, squid and biuefin tura. Nearly all ofthese wetfish 
seiners are foasrtl in San Pedro and fish in the Sana Baifoara and 
San Pedro channels. The large tuna seinen, now all but absent 

Calffomia commercial landings of Pacific bonito, 1970-1991. 

Historically, commercial landings of bonito have flucm-
ated from 127,000 to over 30 milUon pounds per year. During 
die I980's, landings varied between 533,000 and 16.6 mUUon 
pounds. By total weight bonito currently ranks among the top 
20 spedes landed foy Calffomfe fbheries. Market demand or 
price, and the avaUafoUity of other desirable species usually 
determine the amount of bonito landed. A ttencl of inarasing 
prices, from $50 to $90 per tonin die 1960's, peaked at $550 per 
ton Ul 1981. The price then decUned to $200 to S300 per ton m 
die mid 1980's. High avaUabUity ofbluefin tuna with a value of 
$1,550 per ton resulted in the wet fbh seinen shifting theu 
effort toward that spedes; as a result foonito fendings were 
reduced to a low of 533,000 pounds in 1986. 

ConunerdaUy-Ianded foonito are prunarily canned for 
human consumption, but the offal maybe utUized for prt food or 
for reduction to fish meal. Canneiy orden are Umited. Gener
ally higher demand exisb for yellowfin, skipjack, albacore, and 
biuefin mnas for human consumption; for Pacffic mackerel and 
jack mackerel as pet food and for northern anchovy as fish 
meal. SmaU amounb of foonito are processed by curing and 
smoking and some are sold fresh or frozea 

Bonito are also taken commerdaUy tiy troll gear, giU nets, 
and pole and Une, fout the landings of fish caught by these 
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metiiods usually average less than two percent ofthe total. The 
Icxal maricet for fresh bonito is suppUed from these sources. 

During Uie yean 1943-1958 and 1975-1978, at least 50 
percent and often more than 90 percent, ofthe bonito landed 
were taken off Baja Calffomia, Mexico. More recentiy, Mexico 
has restricted access to foreign vesseb fishing her neanhore 
waten, and Calffonua landings originating from Mexico have 
declmed to less than 10 percent of total landings. 

l>picaUy, bonito off Calffomfe are caught south of Point 
Conception from July through January, and north of Point 
Conception during the feU and early winter, many were caught 
as far north as Crescent City during die 1982-1983 El Nuio. 

Pacific bonilo, Sarda chiliensis. 

Status of Biotogical Knowledge 

The Pacific bonito is an epipelagic schooling fish of the 
eastem Pacffic Oceaa It has a discontinuous cUstribution. A 
southem popufetion ranges from Panama to ChUe, and a 
northem popufetion ranges from soutiiem Baja Calffomia to 
Uie Guff of Alaska TypicaUy, however, the northem popufetion 
centers between soutiiem Calffomfe and central Baja Calffor
nia and b uncommon north ofthe sate except duringEl Nifios. 

Bonito grow rapidly during their fint yean oflffe. At one 
year they average 20 uiches fork length and weigh about four 
pouncb; at two years they average 25 inches and about 8 pouncb. 
Growth slows ui the fetter haff of Ufe, and at six yean they may 
reach a maximum of 32 inches and 17 pouncb. Occasionally 
larger ones are reported; the Calffomfe angUng record was 
esablished by a 22-pound fish taken off MaUbu Beach in 1978. 

Pacific bonito broadcast their sexual producb mto the 
seawater where ferti Uzation takes pfe(X. In aquarium-held fbh, 
pairing occurred During courtship, a ripe female dispfeying 
exaggerated wobbling swimming movement was foUowed 
closely by a male. The breeding pair then synchronized the 
release of gametes at the onsrt of a tight circle swim. Other 
males vied for position behind the ripe female. Threat dispfeys 
between competing males consisted of venical tnning colora
tion changes, ereaed fins, and a lateral positioning ofthe foody 
to the competitor. 

The females foegin to mattue at two yean and are fidly 
mamre at Uie minimum legal size Umit of 24 inches. Males are 
more precocious; about 44 percent of die one-year-old males 
spawn, and all are mamre when two yean old and longer than 
20 inches. Spawmng begins in Fdiruaiy or March and contin
ues foi a five-month pericxi Peak spawning occun off cenual 
Baja Calffomia, but some takes pfece offsouthem Califomfe 
fete in the season or during El Niiio episodes. Some localized 

spawning may ake pfece near the warm-water discharges from 
electrical geiierating stations in southem Calffomfe. IncUvidu
als may spawn more than once during a season. No reUable 
estiinate of fecuncUty, the number of eggs spawned by a female, 
has been made. 

Bonito consume prey equaUing about sbc percent of thdr 
foody weight daily. When obsened in a large aquarium, bonito 
abandoned their typical schooUng pattem during feedmg The 
presumafoly aggressive vertical barring cdoration seen in males 
competing to courtfemales babo present whUe feeding Northern 
anchovies are common prey, but maikrt scpud highly vulnerafole 
to predation whUe spawning, sometimes foecome a najor pan of 
the diet Pacific saidines nay also be a significant food 

Bonito swim continuously to maintain orienfetion and 
respiration. Swimming b powered by richly oxygenated red 
muscle tissues near the tad. As a fish grows, the proportion of 
red muscle tissue inaeases; hence larger fish foecome refetiveiy 
more poweifiil swimmen. At the continuous-maintenance 
swimming speed aquarium-held fbh averaging 22 inches in 
lengdi swam about37 nules daily. While most of the fish uiatag 
and recapture smdy were recovered near the release site, a 
migration of about 600 mUes was indicated by foonito that swam 
southward from southera CaUfomia in the winter and north
ward from Baja Calffomia in the summer. Such migrations 
appear to be a response to changing sea temperatiues. Individu
als agged and released at the warm- water discharges from 
electtical generating stations, appeared to forgo migratioa as 
they were recaptured near the release site up to three yean feter. 

Status of Population 

An assessed decline in foonito afoundance, and a drastic 
leduction in the size of the fish harvested commerdaliy, 
forought about a reduced bag limit and minimum size regufetion 
in 1982. The status ofthe popufetion has not foeen reassessed 
since thea but warm water conditions in the I980's have 
apparently provided gocxl concUtions for bonito survival and 
laige catehes have tieen made. 

Ken MiUer and Marija Vbjkovich 
(TaUfomfe Department ofFish and Game 
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TUNAS AND BONITOS: DISCUSSION 

Tunas and bonitos belong to the famUy Scombridae, as do 
seerfishes (wahoo and Spanbh mackerels) and tme nackerels. 
The tunas are muscular fishes which swim at great speeds for 
prolonged periods. Their high rates of meaboUsm obUgate 
tiiem to consume large amounb of food to say alive. They are 
unique among foony fishes in that they maintain their body 
temperature at a level higher than that ofthe water in which they 
Uve. This is accomplished by countercunent heat exchangen 
(relia mirabilia), networks of smaU arteries and veins in which 
die relatively cool arterial blood coming from the giUs b 
warmed by Uie relatively warm venous folood coming from die 
muscles, braia and eyes. 

The eastem Pacffic Ocean b one of the most important 
fishing areas in the world for tunas. For many yean, most ofthe 
nmas caught in the eastem Pacific were taken by U. S. -flag vesseb 
and landed and canned m CaUfonua or Puerto Rico. Tlie great 
majority ofthese were yeUowfin and skipjack, caught off Latin 
America from Mexico to northem ChUe. Tlie wdght and value of 
tunas landed in Calffomfe exceeded those of any other fish. 

Tuna seiners in San Diego. 

During 1980 and I98I, die profitabiUty eff fbhing in Uie 
eastem Pacific was reduced due to overfishing of yeUowfia 
Then there was a severe El Nifio episode during 1982-1983, 
which reduced the vulnerabUity to capture oftxith yeUowfm and 
skipjack. Ui response to this, many of die large Calffomfe and 
Puerto Rico-foased vessds transferred thdr operations to the 
westem Padfie Oceaa landing thdr catohes at American 
Samoa, to foe canned or at various Pacific blands, from which 
tiiey are transhipped to canneries in Puerto Rico, ThaUand and 
elsewhere. Due principally to high fefoor cosb, aU but one ofthe 
major tuna canneries in CaUfoniia were dosed during the early 
I980's. Fbhing conditions in the eastem Pacific Ocean im
proved during the mid-1980's, fout two ottier ferton induced 
most ofthe US-flag vesseb which were in the westem Pacffic 
to remain there and oUier vesseb to go there for the first time. 
F in t aU the Latin American coastal states had foy then extended 
tiieir juriscUctions for fisheries to 200 miles, excluding US 
vessels from many ofthe foest fishing areas. Second, legislation 
and other aaions carried out to reduce the kiU of dolphins hav e 
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made il difficult to fish outside the 200-mile Umits ofthe Latin 
American countries, as the catches of tunas in that area consist 
mostiy of large yeUowfin assocfeted with dolphins. 

The majority of vesseb now participating in die fbhery for 
yeUowfin and skipjack in Uie eastem Pacific Ocean are foased in 
Mexico, Ecuador, and \fenezuefe. Fish caught foy these vessels 
are canned in various places, mduding Ecuador, Mexico, 
Puerto Rico, Venezuela, and Europe. SmaU amounb of yellow, 
fia skipjack, foluefia and alfoacore caught foy U.S.fiag vessels 
are stUI canned in Calffomfe. These fish are not caught in 
asscxhaUon with dolphins, as the major U.S. canneries do not 
accept such fbh 

There are substantial ^ r t fisheries for yellowfin, alba
core, and foluefm in the eastem Pacific Oceaa Long-range 
vessels foased in San Diego and Oceanside take passengen on 
fishing uips of one to three weeks to the RevUfegigedo blands, 
off Mexico, and to CUpperton Island where many ttophy-sized 
yeUowfin are caught 

Research on yellowfm, skipjacie, and foluefm in the eastem 
Pacific Ocean is condurted by the Imer-American Tropical 
Tuna Commission, and smdies of albacore are carried out by the 
U.S. National Marine Fbheries Service. 

WiUiam R BayUff 
Inter-American Tropical Tuna Comnussion 
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BILLFISHES 

STRIPED MARLIN 

History of the Rshery 

Striped marlin (Tetraplurus audax) have been fished off 
Califomfe since Uie early 1900's. The Avalon Tuna Club 
rcported the first "marUn swordfish" landed fo> an angler m 
1903 During the early yean ofthe fishery, spon and ,;ommcr-
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dai landings were aUowed. In 1935, the legblamre prohibited 
the use of harpcxins in the commerdal harvesting of marUa and 
landings dropped significantly. In 1937, the legisfeture elimi
nated the commercial fisheiy entirely foy prohibiting the buying 
or selUng ofstriped marlui in Calffomfe. Since 1937, Calffomfe 
sport fishermen have had the local fishen to themselves. Some 
commerdal fishing by the Japanese takes pfece off lower Baja 
Calffomia, Mexico, as well as in the central and souUi Pacific 
Ocean. LongUnes are used almost exdusrvdy ui thb commer
dal fishery. 

During the early yean of the sport fisheiy, most striped 
marlin were landed tiy anglen using the services of a hired 
guide. The guide would supply the t x a t tackle, and a e w for a 
day's fishing. \^iy litUe fbhing effort occuned ftom privately 
owned boab, because most people felt that a professional 
skipper was needed to cateh mariia This ttend continued 
through the early 1950's fout started to decluie rapicUy with the 
prolfferation of snaU txab. CunenUy, most narUn are pursued 
by private boat anglers usmg vessels 20 to 60 feet in length. 
Some marUn are stiU taken foy anglen chartering fooats, fout they 
amount to only 10-20 percent ofthe catch 

California commercial passenger-carrying fishing vessel landings 
ofstriped marUn, 1947-1969. 

Calffomia commercial passenger-carrying fuhing vessd landings 
ofstriped marUn, 1970-1990. 

Suiped marUn season in southem Calffonua generally 
runs from early July through October. However, during yean 

when El Nifios occur, the season nay stan as early as May and 
ran through Febmaiy of the following year, .^triped marlin are 
usuaUy found soudi of Poim Conception ExceUent sport fish
uig can take place as far north as Mono Bay during an El Niflo, 
and one fish was taken in Monterey Bay during such an event 
Within southem Calffomia, narUn are usually taken from San 
Pedro southward and offshore to Catalina and San Clemente 
blands. When marUn concentrate in this area, sport catches 
may exceed 2,000 fish per year because ofthe neamess ofthe 
fisheiy. Abnormally ctxil or warm waten tend to reduce martin 
availabiUty in southem Calffomia During such times, the catch 
may slip to less than 100 fish per year because the fbh do not 
enter the prime fishing area Most martin taken in CaUfonua 
are intentiorally caught while trolUng artifidal lures or casting 
Uve bait at fish on the surface. Occasionally, striped martin may 
be taken incidentally to tuna fishing 

Recent cateh figures reflert only the number of striped 
marlin caught (i.e., successfiUly brought to the fooat), not the 
numfoer kept and forought to port. There is a rapidly growing 
ttend among marUn anglen to release or tag-and-release fbh 
In the past anglen were encouraged to land their fish so Uiat 
Uiey could foe weighed and photographed and tourisb would foe 
attracted to the weigh sfetioa Currentiy approximately 30 
percent of Uie catoh is released with about one-third erf'those 
fish being agged. Greater recognition foy fishing clulis and 
weigh stations of the value of releasing fish has hdped to 
encourage die rdease of marUa 

Striped marlin. Tetraplurus audax. 

Status of Biotogical Knowledge 

Striped marUn occur mainly in ttopical to temperate waten 
of the Pacific and Indian cxeans. Occasionally, an incUvidual 
may foe taken in the Atlantic off die Up of SouUi Africa. In the 
Pacific, they are found in a horseshoe-shaped l a n d with the tips 
ofthe horseshoe off Japan and AustraUa and the liase located off 
the coast of Central Ainerica. Along the North American coast 
striped marUn have been taken as far north as Oregoa The 
southem range for fish ui the eastem Pacific b off ChUe 

By using longUne cateh and feg recoveiy data, sdentists 
have hypothesized that there are two stocks of striped mariin 
occuning in die Pacffic. The stocks are separated by the equator, 
although mixing occun off the coast of Central America The 
northem stock, which contributes to the Calffomia fishety, b 
Uie larger of the two. Movement of fish wiUiin the northem 
stock appean to be correlated with seasonal changes in water 
temperatiues. During the wintet marlin follow a general 
panem of movemem to the west. As spring approaches, fish in 
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die central Pacffic move east while those in the eastem Pacific 
move up the coast of central America Throughout summer, fish 
along the Pacific ccast are continuaUy moving to the southeast 
paraUeling the coast. During the fall, there b further movement 
to the southeast with a retum to the west in the winter. Stiiped 
marlin do not migrate around the Pacific on a yearly basis, as do 
albacore, but instead make the joumey over several years. 

Whde most fish taken off Calffomia are thought to foe 
between three and sbc years old and weigh ftom 90 to 200 
pounds, an occasional fish over 300 pouncb b landed. During 
the early yean ofthe fishery, a 405 pound striped marlin was 
takea The cunent state record (the program staned in 1930) b 
339 pounds, while the world record listed foy the International 
Game Fbh Assocfetioa is 494 pounds. Striped marUn as large 
as 570 pcxmds have foeen recorded by conunerdal fishermea 

Spawning occun primarUy in the central and westem 
Pacific, with lesser activity occurring around die RiveUa 
Gigedo Islancb ui the eastem Pacffic. May and June are the 
months of greatest spawning activity for the northem stock. 
WhUe mature females are found in the three spawning areas, 
lanal fish are known from only the central and westem Pacific. 

Striped marUn are primarily piscivorous allhough they 
wiU consume inverteforates such as scpud or pelagic red aafos. 
Offsouthem Calffomia, where they spend most ofthe time near 
the surface, fish make up most of their cUd. Anchovies, sauries, 
flyingfish, and jack and Pacific mackerels are the most fre
quentiy found prey items when marUn stomachs are examined 

Status of Population 

The North Pacffic stcxk ofstriped marlin does not appear to 
be fully exploited Dafe collected from Japanese longUne fisher
ies show no correlation foetween catch and effort Because ofthe 
large variation in catch per unit of effort ccjpled with no trend 
towards decneasuig total catch, the stock appean to be exploited 
below maximum sustainable yield The current hanest rate of 
9,000 to 11,000 tons per year appean to be at a safe level. 

Steven J. Crooke 
CaUfomfe Department of Fbh and Game 
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SWORDFISH 

History of the Rshery 

Swordfish (^iphias gladius) support a valuable worldwide 
fishery which currendy produces about 55,000 tons annually 
The Pacific fishery lands about 40 percent of die wortd catoh. 
The primaiy fbhing areas in the Pacific coincide with fronts 
where najor currenb meet off Japan, southeast AustraUa, 
northeast New Zealand Peru, and Ecuadot as well as Calffor
nia and Baja Calffonua. Most of the non-CaUfomian Pacific 
landings are taken as an incidental cateh in the large tuna 
longUne fbhery. Off Calffomia, swordfish are targeted directly 
tiy fishermea Currendy about 10 percent ofthe Pacific ocean's 
swordfbh landings come from Calffomia 

Significant sworcffish fish landings fust occurred in 1927, 
when 130,(X)0 pounds were caught. Since then, Calffonua 
fenduigs lave varied widely, between 23,000 pounds in 1954 
and a 1985 high of 5.2 mUUon pounds (worth $13.4 nulUon). 
The large fluctuations in landings over the yean are mfluenced 
by changes in swordfish availafoUity and migratoiy patterns due 
to variations in oceanographic condiuons, changes in sword-
fish markets, avaUabiUty of alternative targrt spedes (such as 
albacore), and changes in fishing techniques. 

Until die late 1970's, hand-thrown harpoon was the pri
mary fishing meUiod ui Calffomfe. Most vessels were 30 to 50 
feet long with a 20 to 30 foot plank extending beyond die bow. 
The harpooner stands on the end of the plank as the vessd 
sneaks up on a fish that has been spotted sunning itseff on the 
suriace. After harpooning an attached Une, buoy and maiker flag 
are thrown ovofooard When die fish tires after several hours, it b 
landed headed and gutted fin-trimmed and refrigerated 

The swordfish fbhery landings averaged atxiut 400,000 
pounds peryear caught in die Pt Conception to SanDiegoarea, 
until 1970 when high mercuiy leveb were drtected in sword-
fish. In 1971, no swordfish with mercuiy leveb over 0.5 parts per 
mUUon were aUowed to be imported At first the demand for 
swoidfish dropped drasticaUy but foy 1973, it started to recover. 
Inaeasing denand and reduced competition from unports led to 
rapid growth of die harpoon fisheiy from 150 permittees to 1,200 
permittees by 1979. The intense oompeutton in the flert led to the 
use of aircraft to improve fish finding capabiUties. 

By 1978, the demand for swordfish had returned to previ
ous leveb and fishermen targeting thresher and mako sharks 
witii large-meshed (8 to 20 inches) drift gUI neb noticed that 
diey could catch swordfish. The nets, usuaUy to 120 feet deep 
and 6,000 feet long, are fished at night m suiface waten. One 
end of the net b connected to die vessel as it drifb. By 1982, the 
drift giUnetton expanded die swordfish fbhery northward and 
offshore, with sizeable catohes off San Francisco. Many har-
poonen switohed to Uie drift gUbrt fleet and ui recent yean 
about 95 percent of Calffomia's swordfish catch has foeen 
landed by gUInetten. 

The expanded capabiUty and range of die fleet plus 
inaeasing woridwide demand for swoidfish, contributed to 
large inaeases in the landings between 1980 and 1985. The 
catch peaked at 5.2 miUion pounds in 1985. Wtiile catehes have 
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declmed afoout 50 percent since 1985, they renain weU atxive 
tiie long-term historical average. 

California commercial landings of swordfish, 1916-1969. 

Calffomia commercial landings of swordfish, 1970-1991. 

Swordfish are also a highly esteemed catch for reCTeational 
anglen. Only a few are caught foy anglen each year. Thb could foe 
due to swordfish feeding primarily at night when most anglen, m 
Ux words of U.C. Sana Baifoara fishfoiotogbt R M Love, "are 
drinkuig lite tieer and watching renins of Three i Company." 

Swordfish, Xiphias gladius. 

Status of Biotogical Knowledge 

Swordfish are found wortdwide in tropical, sutitropical and 
temperate seas (50° N to 50° S latitude). In Uie eastem Pacific, 
Uiey occur m hanestable quantities from Chile to Oregoa 
Swordfish (family Xiphiidae) lack pelvic fins, have only one 
keel on theu caudal peduncle, and have a flattened foill. These 

features distinguish them from other billfishes (family 
Istiophoridae). Swordfish grow to at least 1,200 pounds and 14 
feet in length Females grow larger than males, probably 
because ofa faster growth rate. The Imuted daa from tagging 
smcUes in(Ucates ttat swonffish live at least nine years. 

Spawning takes place m 68 to 75°F waten in the north 
Pacific, primarily from March through July A mature female 
produces tens of mUUons of eggs and fertUization is external. 
Lanae and juveniles tend to concentrate near the 75° isotherm 
in areas with high productivity. Swortffish lanae feed primarily 
on fbh larvae and zooplankton Juveniles target squidandsmaU 
fishes. Adult swordfish appear to be opportunistic feeden on 
squids, pelagic and demersal fishes and cnistaceans. The thia 
snake-Uke fenae and juvenUes grow quickly and becxime 
fouUcier as Uiey mature. One-year old fish are 20 to 24 uiches 
long. Two-year old fbhfoegui to enter the fishery and the buUe of 
the swordfish landings appear to foe 4 and 5 yean old. One smdy 
incUcated that they reached sexual maturity at five or six yean 
old Young swordfish are preyed on liy billfishes, tunas and 
sharks. Only whales, large shades, and humans appear able to 
prey on adiUt swordfish 

Limited data exbt on swordfish migrations. Catch recorcb 
off CaUfoniia indicate they move northward from Baja CaUfor
nia in the Spring to Calffomfe during the Summer and Fall. 
Then they move offshore for spawning. Swordfish tend to 
concentrate along food-rich temperamre fronts foetween cold 
upweUed waten and warmer oceanic water masses. Fbhermen 
use sateUite images to help locate these thermal fronts. 

The daUy local movements of swordfish are of interest to 
fishermen and biologisls. Swordfish rise lo surface waters to 
feed at night and spend most of the day in deep water Tlus 
makes them susceptible to drift nets at night In die temperate 
waten ofthe Atiantic and Pacific, sworcffish will bask on the 
refetiveiy warm surfece. This b thought to aid digestion 
Calffomfe fishermen took advanage of Uib behavior to develop 
the earlier harpoon fishery for swordfish 

Swordfish are able to move from warm (60 to 75°) surfece 
waten to depUis up to 2,000 fert (41-50") for feedmg. They are 
also able to migrate across sharp thermal boundaries to feed 
near the surface. This is quite a physiological challenge. 
Biologists have found that swordfish have an extraonUnaiy 
heater oigaa made up of speciaUzed skeletal muscle below the 
braia This heater organ maintains elevated temperamres in the 
head region which may enable swordfish to fimction success
fully (espedally the eyes) at sharply reduced temperamres. 

Status of Population 
It is difficult to assess the sams of die swordfish popufetion 

Ul the Pacific because of a lack of consistent long-term data 
Catch per unit effort (CPUE) in the fbheries has foeen Uie 
prunary souice of data The most recent assessment used dafe 
from the Japanese longUne fbhery for 1952-1980, which are the 
best avaUafole dafe. After examining fooUi Uie single Padfic-
wide stock simation and the sittation ff Uuee regional substocks 
exist National Marine Fbheries Service researchers concluded 
Uiai the e.xploiation through 1980 was not heavy enough to 
cause a noticeable decUnc in catch perunit effort. Generally, the 
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Padfic-wide CPUE rose slow ly from 1952-1962, dropped about 
one-tiiird in 1963-1965, and remained level through 1980. In 
die eastem Pacffic. the CPUE trend was level from 1966-1980. 

Christopher M. Dewees 
University ofCalifornia Davis 
Sea Grant E.xtension Program 
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NEARSHORE FISHES 

KELP BASS 

History of the Fishery 

The kelp bass (Paralabrax clathratus) has been the targrt 
of soulhem Calffomia anglen and commercial fishermen smce 
Uie early I900's. For many years, catch statistics grouped kelp 
tiass and the two other Paralabrax spedes, barred sand bass and 
spotted sand bass, mto a single "rockbass" categoiy. It b safe to 
assume kelp bass comprised most ofthis catch category. 

The laigest commercial landings of rockbass occuned 
during the 1920's and 1930's; annual landings averaged 
500,000 pounds. During and after Worid War n, there was a 
sharp decUne in fishing artivity and landings never exceeded 
150,000 pounds from 1941 through 1953. Rockfoass imported 
from Me.xico contrifouted to the landings, sometimes in 
amounts greater than the Calffomia catch. The decline of the 
rcxkfoass resource prompted consenation measures which, in 

1953, made commerdal fishing for rockbass illegal in Cali
fomia waten. LegaUy sold fish imported from Mexico ha\e 
dwindled to insignfficant levels since the lale 1950's. 

Sport anglen using Ught hook-and-Une ackle catch kelp 
foass while fishing from piers, beaches, private boats, and 
commerdal passenger fishing vessels (CPFVs). There are few 
calch recorcis for anglers fishing from piers, foeaches, and 
private fooats. Sport catch records for rockbass taken by CPFVs 
have foeen avaUable since 1935, but only smce 1975haveCPFV 
recorcb relfebly differentfeted kelpbass catches from the otiier 
rockbass. Early sport anglen considered the kelp foass a nui
sance when attempting to catch more desuable gamefish. Only 
die largest "buU foass" were sought In 1939, a Umit on sport fish 
catches in Calffomia, 15 total fish in an aggregate of several 
species, was die first management attempt at preventing deple
tion of popular sport fish popufetions. 

illllll 
California commercial passenger-carrying fishing vessel landings 

ofkelp and sand bass, 1947-1969. 

CaUfomia commercial passenger-carrying fishing vessel landings 
of kelp and sand bass, 1970-1990. 

Intense fishi ng immediately after the war caused a progres
sive decrease in the size of landed foass, and some areas were 
fishcdout The popular kelp foass fishery was drteriorating. The 
California Department of Fbh and Game (CDFG) instituted 
vomprchcnsive smdies ui 1950 that resulted m size and bag 
limits for sport caught kelp and sand foass combined. The new 
M/c limit began at 10.5 inches and was inaeased several times 
'.mill the 12 inch limit was reached in 1959. 
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The kelp bass catch has flucmated greatiy since the 1960's. 
The largest CPFV catches occurred during die mid-l960's, 
estimated at over 1,000,000 fish annually Since 1975, the 
CPFV kelp bass cateh has ranged from 220,000 to 496,000 fish. 
The recent Federal Marine Recreational Fishery Statistics 
Suney estimated that the catch from shore, pier, and private 
boat anglers approaches that of CPFV fishermen and exceeds it 
Ul some yean. Thb means that 1,000,0(X) or more kelpbass, on 
average, are caught annually by southem CaUfoniia anglers. 

The most productive fishmg areas in recent yean have 
been offthe Coronado Islands, Baja Calffomia, Mexico; Point 
Loma and La Jolfe in San Diego County; Dana Point and 
Hunungton Beach m Orange County, Santa Catalina bland 
and Horseshoe Kelp ui Los Angeles County; and around the 
Channel Islands in Sana Baifoara and Venttira Counties. 

Kelp bass, Paralabrax clathratus. 

Status of Biotogtoai Knowledge 
Kelp foass range from the Columfofe River to Magdalena 

Bay, Baja Calffomia, although they are infrequentiy caught 
north of Point Conception. They are generally found assodated 
with kelp foeds, rocks, and seaweecb. Large adulb often inhafoit 
rocky areas with UtUe or no seaweed in depths to 150 feet. Kelp 
bass range tiuoughout the water column, but concentrate 
between 8 and 70 feet In general, Uiey live solitaiy lives but 
form assemblies to spawn and to feed on small schcxiling fish 

Tag and release smcUes have shown Unle movement for the 
majority ofkelp foass. If they move at all it is to neaiby rocky 
teefs or shon cUstances to gather into breeding assemblies. 

Kelp foass have the broad cUrt ofa generalized camivore. 
They prefer to feed in deep calm areas of reefs or dear water 
areas of kelp bed margins. Occasional bottom feeden, they 
forage primarily at mid-water. Young kelp foass feed on small 
crabs, copepods, and plankton Large kelpfoass eat larger and more 
motile prey: small fish (anchovies), scjuid octopus, and various 
bonom dwdlmg crabs, shrimps, and amphipods. Tliey feed UghUy 
in the winter and most heavily (hiring May through Septemfoer. 

Kelp bass spawn from April through the fall months. 
Females release pelagic eggs 0.04 inches in dfemeter Spawn
ing occun in and around kelp forests or over rocky reefs, 
generally, in depUis down to 150 fert. Several hundred ripe 
adults may aggregate m a small area during spawning. Some 
kelp foass are mature at seven to eight inches and two to three 
years of age. Other individuals of the same size and age may 

require another year or more to reach mamrity. Larger females 
may spawn more tiian once ff they mature early in the season. 

Growth is slow and a large size may ultimately be attained. 
The largest angler<aught kelp bass weighed 14 pounds 7 
ounces. Maximum length is 27 to 28 uiches. Kelp bass are 
beUeved to live long Uves; one uidividual was estimated to be 32 
years old 

Status of Population 

Throughout the 1980's, kelpfoass have consistentiy ranked 
among die top five fishes caught foy CPFV anglen. CDFG 
suneys incUcate the estinated total catches of kelp bass have 
maeased since the mid-1970's. Low periocb of kdp bass 
landuigs in the mid- 1970's and early-l 980's are attributed to El 
Nifio evenb that provide anglen wiUi alternative spedes to 
catch Peak landings have foUowed each El Niiio event. CDFG 
suneys of the CPFV industry indicate a stafole spawning 
popufetion b being maintained foecause ofthe large number of 
age classes that are caught and kept by anglen. Approximately 
85 percent of the kelp bass kept by CPFV anglen measure 
between 11.4 to 15.9 inches, representing up to seven age 
classes. A numfoer of yean with conditions unfavorafole to the 
sunival of immature kdp bass would have to occur foefore a 
population decline could reduce angler catches. 

Robert Read 
Calffomia Department ofFish and Game 
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SAND BASSES 

History of the Fishery 

Two sand lass spedes are commonly caught bv- anglers ui 
Califomia, barred sand bass (Faro/aAraxneAu/zyer) and sponed 
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sand bass (P. maculalofasciatus). Of the two, barred sand bass 
b the more abundant and widely distributed spedes and s\ivx 
the fete seventies, has consistently ranked among the top 10 
species in the southem CaUfomia marine sport fish catoh The 
major baned sand bass fbhing sites include the Huntington 
Flab area off Orange (bounty, the inshore portion of northem 
Santa Monica Bay off Pacific Palisades and Santa Monica m 
Los Angeles County, and the \%nnua Flats area off northem 
\fentura County. 

Spotted sand foass are of lesser importance to sport anglers, 
foecause their distrifoution b limited to a few tny, esmaiy, and 
haifoor hafoitab. SanDiegoBay,MissionBay,andNewportBayare 
the primaiy spotted sand bass filling sites in southera California 

Both sand bass species are targeted exclusivdy foy sport 
anglen; the commerdal hanest of Uiese spedes has been iUegal 
since 1953. Throughout Uie 1930's and early 1940's, die sand 
foasses, as weU as the kelpi bass, were not considered to be quaUty 
angling fere fout gained tremendously in popularity as game 
fishes foy the mid-1950's. At that time, concera afoout the 
resource by sport fbheimen and fisheiy managen resulted m 
the mitiiaUon of lffe histoiy smcUes and the foraiulation of 
conservation measures. By 1959, a 10-fish foag Umit and a 12-
inch minimum size Umit had tieen imposed on aU three kelp and 
sand bass spedes, measures designed to counteract ttie decUn
ing numben and shrinking size composition of the foass 
catohes. The commerdal passenger fishing vessel (CPFV) bass 
fisheiy responded positively to this management regime, and 
fendings ofkelp and sand bass inaeased substantially through 
die I960's and earty I970's. From 1975 Uuough 1989. Uie 
CPFV barred sand tass catoh expanded threefold to a peak of 
400,000 fish Ul 1988. 

Although fecking some of the sporting quaUUes of kelp 
bass, baned sand bass are much more susceptible to hook and 
Une gear and are somewhat easier to catch. When CPFV 
skippen targrt barred sand foass schools, they can usually 
produce sufostantial cateties for their passengen, even for 
novice anglen possessing minimal fishing skilb. In 1985,1987 
and 1988, foarred sand foass was die leading less spedes in the 
(TPFV catch, exceeding kelp bass landings for the first time 
since 1961 wfaen kelp bass and sand foass landings were first 
reported separately. F.stinwtts ctf aimual tianed sand bass 
fendings from aU sport fishing activity (shore, pier, privateboat 
CPFV's, rtc.) ranged as fai^ as 2,100,000 during the 1980's 

Spotted sand foass landings are greatest from private boab 
and rental skifb fbhing the bays and estuaries of southera 
Calffonua. A skiff survey conducted liy the Califonua Dqian-
ment ofFish and Game (CDFG) estimated Uiat the southera 
Calffonua annual catch ranged fiom 12,790 to 23,933 fbh 
foetween 1976 and 1981. Other estimates ofthe aimual sport 
catch of spotted sand bass, including footh boat and shore 
fishing effort ranged ftom 53,000 to 170,000 between 1980 
and 1989. 

Status of Biok>gtoal Knowledge 

Baned sand foass range from Magdalena Bay, Baja CaUfor

nia to Sana Cmz, Calffomia, although they are infrequentiy 
taken north of Point Conception. They inhabit sandy bottom 
areas from shallow water depdis to 600 feet but the greatest 
concenttations are found foetween 60 to 90 feet They feed on 
small fishes and inverteforates such as crabs, dams, and squid. 
The largest foarred sand foass on record measured 26 inches in 
length, and the maximum recorded weight was 11.1 pounds. 

Baned sandbass spawn during the late spring and summer 
months and foim large aggregations at thb time. Pefegic eggs 
are released and juvemle young ofthe year appear in neanhoie 
areas during the fell and winter. A juvenile tarred sand tiass b 
approximately seven inches long after one year, and reaches 
sexual maturity at 10 inches in three to four yean. The 
maximum verified age for tarred sand bass b 24 years. 

Spotted sand bass range from MazaUaa Mexico to 
Monterey, Calffomia and are present throughout the Guff of 
CaUfomia They inhabit sandy or mud liottoms in foays or 
haifoon at depths ranging from the intertidal zone to 200 feet 
They are diurnaUy active, seeking shelter near eel grass foeds, 
itxks, or other structures, and feeding on small fbhes, cephalo-
pcxb, and crustaceans. Maximum recorded size b 22 inches, 
and die maximum recorded wdght is 5.8 pounds. They are 
known to reach an age of over 20 yean. 

Spotted sand tnss, unlUee the other two Paralabrax spe
des, are protogynous hermaphrodites; that is, aU spotted sanl 
foass start out as females and after a period of time transform fete 
males. Thb transfonnation may foegin in fish as smaU as five 
inches long, although female spotted sand lass up to 10 uiches 
long have lieen noted Spawning occun during the spring and 
earty summer, during which time Uiey release pelagic eggs. 
Young cf the year foegin appearing in the intertidal zone the 
foUowing winter. 

Spotted sand Inss can tolerate an extremely wide range d 
water temperatures, from 90° F in the Guff of Calffomia to 45° 
F in experimental situations. This attribute is a physiological 
adapfedon to the temperature extremes occurring in the shal-
low-watet bay environnient prefisrred by spotted sand bass. 

Status of Populations 

Wlule there are no current population estimates for dther 
baned sand tiass or spotted sand bass, examining the sport catch 
ttends gives an indication ofthe health of footh stocks. 

The barred sand foass catch has risen steadUy smce 1975, 
challenging kelp tnss as the premier bass species in the 
southera CaUfomfe sport fistieiy. Several ferton seem te ac
count for the upward trend Most significandy, CPFVs, which 
account for the greatest portion ofthe barred sand bass cateh, 
have tiegun to targrt them more fteciuently, especiaUy during 
die sununer spawning period. The fbh are concentrated at Uiat 
time, usually in weU defined areas along the coast. Abo. new 
barred sand tnss spawning sites havebeen discovered ovo the last 
10 yean and are DOW being exploited by CPFVs and private boats. 

As fishing effon targeting barred sand bass has increased 
Uiere has foeen concera that the stock may foecome over-
exploited Recent studies have indicated that die CPFV sand 
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bass fishery is supported by multiple year classes, and that most 
sublegai (<12 inches) fish are released. This is mcUcative ofa 
healthy sport fishery operatmg on a susfeined yidd basis. 

More data are needed to define foaned sand bass growth 
rates, maturation, spawning, and migration. A agging smdy 
initiated in 1989 by tiie CDFG and a group of southem 
Calffomia CPFV owner-operators should help define the 
growth and migration paramrten for the species. An earUer 
CDFG tagging smdy revealed barred sand bass movemenb of 
from five to 40 miles. 

Poor water quality may have an advene affert on foaned 
sand foass. There is evidence that tumon, deformities, and other 
anomalies found in barred sand foass nay result from industrial 
and domestic wastes disciiarged into the neanliore environ
ment. Survival of egg, larvae, and juvenile sfeges is also 
diminished foy waste discharges. 

Piobably the greatest Uireat to spotted sand bass stocks is 
Uie degradation and destmction of foay and estuarine habiats. 
Enacnching development landfUb, and the degradation of 
water quality aU negatively impart the spotted sand bass 
populauon. The maintenance of the quality and quantity of 
suitable habifet is key to the reproductioa growth, and sunival 
of spotted sand bass in southem Calffomia waten, 

David S, Ono 
Calffomfe Department ofFish and Game 
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GlAhfT SEA BASS 

History of the Rshery^ 

Commerdal fbhing for giant sea bass (Stereolepis gigas) 
in Calffomia has occuned since 1870 and a sport fishery has 
existed since 1895. In 1982, the CaUfomia Sate Legisfemre 
banned commerdal fishing for giant sea bass (except for the 
cunent one fish per trip tolerance for giU net boats), while ihc 
CaUfomfe Fish and Game Commission has banned sport 
landuigs from Calffomfe waten. Howevet the Commission 
has allowed anglen fishing in Mexico to land two fish per tnp 

The commercial fisheiy for giant sea bass initiaUy argrtcd 
southem CaUfomfe fish but moved south into Mexico as local 
populations decUned Off Mexico, Uie fishery occuned along 
die coast between Cape Colnett and Magdalena Bay as well as 
on Uie offshore banks of lower Baja Calffomfe. Early commer

dal fishermen relied on hancUmes to catch fish, but later shifted 
to gill nets as the resource declmed Landings have ranged from 
a high of 861,498 pounds in 1934 to a low of 3,666 pounds ui 
1983. During 1931, over 254,000 pounds were caught m 
dlaUfoma waters, the highest year on record for Uie local 
fishery. Mexican produaion reached 807,746 pounds ui 1934, 
the highest year for foreign-caught landings. Landing weights 
are for "cleaned" fish, since commercial fishermen behead and 
eviscerate the fish immecUatety after capttue. 

>•.•* .•• 

CaUfomia commercial landings of gianc sea bass, 1916-1969. 

CaUfomia commercial landings of giant sea bass, 1977-1991. 

During the early yean of the sport fbheiy, most activity 
took pfece at Sanfe (TataUna bland. Anglen generaUy fished 
from smaU dar ter vesseb, but some fish were fended by beach 
fishermea Most fbh were taken incidentally m directed fisher
ies for other spedes, although some anglen did targrt giant sea 
bass. Fishing for giant sea bass was considered boring because 
bites were infreciuent Since thb outweighed the exdtement of an 
anticipated hook-up, directed effort on giant sea bass was smaU. 

Widi the expansion ofthe commercial passenger fishing 
vessd (CPFV) fled foUowing Wortd War n, sport fishing for 
giant sea tnss expanded to include all the offshore islands and 
banks, as well as most of the mainland coast soutii of Point 
Conception. Most fish were stiU taken inddentaUy to otiiei 
species, aldiough some directed effort occurred during summer 
when giant sea bass formed spawning aggregations. 
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Witii the advent of long range CPFV trips to Mexico, the 
sport fisheiy moved south, much as the commercial fishery had 
done earlier During the late 1960's and early I970's, long 
range boats advertised summer "black sea foass speciab" to 
Me.xico. They were very successftU (50-100 fish per trip) until 
the local stcxks were reduced to a level where anglers no longer 
found it worthw hile to fish for them. 

a spawning aggregation, some tended to remm on a daily basis 
until most ofthe fish had been takea 

California commercial passenger-carrying fishing vessel landings 
of giant sea bass, 1947-1969. 

• i 

California commercial passenger-carrying fishing vessel landings 
of giant sea bass, 1970-1990. 

Landiiigs of giant sea tnss fiom Mexican and Calffomfe 
waten reported to die Calffomia Department of Fbh and Game 
(CDFG) on CPFV logs have varied between 13 and 816 fish per 
year. The highest figure was recorded in 1973 duringthe "bfeck 
sea bass special" era, while the lowest landings were recorded 
during 1983, die fint fidl year of Ute moratorium. Most fish 
landed on CPFV's weighed less than 80 pounds, although fish 
over 500 pounds have been takea Within Calffomia, the vast 
majority offish weighed less than 30 pounds, whUe those taken 
in Mexico are in the 60 to 80 pound range. 

Diven have played an active role in the giant sea bass 
fisheiy. Originally, they would free dive, but switched to 
SCUBA diving after World War II. They were e^xcially adept 
at exploiting spawning aggreptions, since skilled diven had 
no trouble appicaching the fish. AdditionaUy, once they found 

Giant sea bass, Stereolepis gigas. 

Status of Biotogical Knowledge 

Limited information exisb about giant sea bass, as the 
species has never been the sufojert ofa directed study. The data 
that exist have foeen coUerted in conjunction with other investi
gations. One individual the late John E. Fitch, is re^nsible for 
most ofthe current biological knowledge. 

Giant sea bass range from Humfooldt Bay on Uie north to 
the tip ofBaja Cal ffomfe on Uie souUi. They are also found Ul Uie 
Guff of Calffomia, more often in the northem haff. Within 
(Talffomia fish are conimonly taken foetween Point Conception 
and the Mexican Ixiider Catches north of Point Conception are 
rare. Adulb tend to prefer rocky foottom habiats located next to 
kelp foeds. They are also commonly found in 110 to 150 feet of 
water adjacent to areas where the foottom drops away quickly 
Juveniles are usuaUy found in and around kelp foecb as well as 
sandy foottom areas, generally at depths of 40 to 70 feet 

Giant seafoass are the largest resident marine bony fbh in 
Calffomfe. They grow to seven fert five inches in length. Fish 
up to 563 pounds have been recorded ftom the sport fisheiy, and 
commerdal fishermen believe that 600-pouiid fish exist. They 
have been relfebly aged to 75 yean old (a 435-pound specimen). 
The age of the 563 pound fbh was not determined but nay lave 
foeen 90 to 100 yean old 

Spawning takes place foetween June and September Fe
nales start to mature at seven to eight yean of age and aU are 
spawmng by the tiime they are 11 yean old. Large females are 
capafole of producmg enormous numfoen of eggs. The ovaries of 
a 320-poiuid fish contained an estinated 60 miUion eggs. White 
spawning, large fish wUl form spawning aggregations and 
remain together for one or two months. During thb time they 
are espedaUy vulnerable to skin diven and less so to hook-and-
Une fishermea 

Small fish feed primarUy on inshore spedes such as 
anchovies, sardmes, and squid Larger fish abo feed on these 
species fout their dirt consists primarily of larger food organ
isms. Padfie mackerel foonito, ocean whitefish, midshipmen 
stingrays, white croaket smaU sharks, crabs, spiny lobsters, 
and nanus shrimp aU have appeared in die stomachs of adult 
fish. Precfetion on giant sea liass b confmed to man, narine 
mammals, and some ofthe larger sharks. Older fish usually are 
heavily parasitized 
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Status of Population 

Giant sea bass populations off Calffomia and probably 
those off central and northem Baja Calffomia, appear to be 
depressed Because of thb, giant sea bass carmot be taken off 
CaUfomia by recreational anglen. Commercial fishermen are 
Umited to one fish per trip ff taken inddentaUy in gUl or 
ttammel net operations. However, fish are stUl fended by sport 
anglers fishing south of the border. Me.xico has expressed an 
interest in protecting giant sea bass. Legislation by Mexico 
could offer total protection foy die fall of 1992. 

Since 1983, sport anglen have reported catching and 
releasing increasing numben of giant sea bass. The trend 
appean to incUcate Uiat juvenile fish are uiCTeasing in abun
dance and it may scxin be possible to reopen the fishery. Should 
the sport fisheiy be reopened strid size and catch Umib wotUd 
be necessaiy to prevent overfishing. The minimum size limit for 
giant sea bass should be 48 uiches (60 pouncb), the size at which 
all females are spawning. Spear fishing for giant sea lass 
should also t x prohibited during the spawning season (June 
through August). 

Young giant sea foass in the 30 to 60 pound range have 
proven to be particularly vulnerable to capture in nearshore giU 
and ttammel neb. Passage of a recent Sate Constimtional 
amendment prohibiting these nets in southem CaUfomia 
nearshore waten after 1993 should help to consene the sub
adult population and may hasten the recoveiy of die giant sea 
bass stock. 

StP/en J. Crooke 
CaUfomfe Department ofFish and Game 
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YELLOWTAIL 

History of the Fishery 
Sport and commercial fisheries for yellowtail (Seriola 

lalandi) have existed off Calffonua since the late 1800's. 
Commerdal or subsistence fishing is the older ofthe two, wiUi 
modem hook-and-line sport fishmg getting its start in 1898 at 
Sanfe Catalina bland Prior to 1898, sporbmen used handlines, 
a practice which faded with die advent of hickory rods, func
tional reels, and linen Une. Both the sport and commerdal 
fisheries in Calffomia are confined to the area south of Point 
Conception. The fishery usuaUy occun in neanhore areas, 
often adjacent to kelp foeds. During the summer, fish nay be 
found offshore under floating mab ofkelp. 

Calffomia commercial landings of yellowtail, 1916-1969. 

Tt i I t i M i n I M 

Califoraia commercial landings of yellowuil, 1970-1991. 

C^ommerdal landings of ydlowtaU have fluctuated greatly 
Ul the past ranging from a high of 11.5 nulUon pounds in 1^18 
toalowof28,000poundsin 1989. Market conditions appear to 
dictate fendings more ttian does the health of the resource. 
When markrt demand for fiesh yeUowtail was high or the 
canneries needed fish foecause tuna wae unavailable, the price 
to the fishennan was great enough to encourage ttips for the fish 

The commercial fishery for yeUowtaU was restricted to 
small Uve bait txab working off southem CaUfomia or the 
Coronack) blands, Baja Calffomia Mexico, until 1933 At Uiat 
time, purse sdnen foegan fishing in Mexican waten, as the 
supply of yellowtail off Calffomia had decreased and it was 
Ulegal to seine them north ofthe intemational bordei GiU net 
boats also started landing ydlowtaU taken uiddentaUy to white 
seabass fishing. Currently, the gUl nrt fleet catches most ofthe 
yellowtail landed commercially in Califomia. However, 
neanhore gill net fishing will foe tanned foeginning in 1994. 
Thb should virtually elunmate the commercial fishery, as 
hook-and-Une fishermen land few yellowtail. 

Daa from commercfel passenger fishing vessel (CPFV) 
logs provide a general indication ofthe nagnimde ofthe sport 
fishery foryellowtaU in soulhem Calffomia Dunng years when 
die water was warm, CPFVs fended over 450.000 fish. When 
Uie water was cold yeUowfeU catches were somcu mes less Uian 
10.000 fish. Priorto the early I950's, CPFVs were responsible 
for most ofthe sport catch However, in the 1950's pnvatc 
boaters began takinga significant numfoer of fish During some 
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years, private Ixaters land more yellowtail than do CPFV 
anglers. For instance, during 1984, private fooat anglers landed 
105,000 fish compared to 96,000 recorded foy CPFV anglers. 
The inaease of private fooat anglen may impaa the ydlowtaU 
resource more than continued effort foy CPFV anglers or 
commerdal fishermea 

Calffomia commercial passenger-carrying fishing vessel landings 
of yeUowtaU, 1947-1969. 

CaUfomia commercial passenger-canying fishing vessel landings 
of yeUowtaU, 1970-1990. 

Major fishing areas for CPFV and private txat anglen 
include the Channel Islands, Sanfe Monica Bay, Dana Point to 
Oceanside, La Jolla, San Clemente Island Sanfe CataUna 
Island and die Coronado Islands. Long-range CPFVs fish 
primarily from Cedros bland south Ttiey often concentrateon the 
offshore foanks, (specially in die Magdalena Bay area The com
merdal fisheiy b condurted in the same areas as die sport fisheiy. 

Status of Biotogical Knowledge 

Yellowtail are found from British Columbia, Canacfe to 

Yellowtail, Seriola lalandi. 

Mazadaa Mexico. They are present m the Guff of Calffomia, 
occurring as far north as the Bay of Los Angeles. 

Most ydlowtaU spawn during the summer months, June 
Uuough Septemfoer During thb period adults move offshore 
and foim spawning aggregations. Some two-year-old females 
may spawn, fout all females over three yean of age are capafole of 
spawning. Young fish spawn only once during the seasoa while 
those sevtn yean of age (20 pounds) and older are capable of 
multiple spawnings. A 20-pound fish is capable of produdng 
940,000 eggs during a single seasoa 

YeUowtaU are opportunistic (feytime feeden. Offsouthem 
Calffomia, yellowtail stonachs contain sanUnes, anchovies, 
jack mackerel. Pacific mackerel and squid Fish taken off 
Me.xico frequently are fidl of pdagic red aabs. 

Age and growth stucUes conducted on yellowtaU indicate 
the fish are refetiveiy slow growing. They gain approximately 
three to four pouncb a year diuing most of their lives, aldiough 
very large uidividuab may gain ordy one to two pouncb peryear. 
Growth can vary considerafoly from year to year and also 
foetween and within geographical areas. The largest recorded 
incUvidual weighed 80 pouncb. The average sizes at seleaed 
ages are: age 1,20 uiches and 3.8 pounds; age 2,25 inches and 
7.4 pounds; age 3,28 inches and 9.9 pouncb, age -t, 31 inches 
and 13.2 pounds; age 5,33 inches and 15.9 pounds; age 10,44 
uiches and 35 pounds. 

Within southem Calffomfe and at the Coronado Islands, 
sport anglen generally fend yellowtaU that weigh 8 to 12 
pounds. Long-range CPFV anglen fbhing off central Baja 
CaUfomfe usuaUy cateh 12 to 18 pound fbh. Conunerdal 
fishennen generally fend 10 to 20 pound yeUowtail. because of 
the selective nature of giU nets. 

Resulb of a tagging smdy conducted foy the Califomia 
Department of Fbh and Game indicate there are two stocks of 
yeUowtaU off Baja and southera California One group occun 
south of Cedros Island Baja CaUfomia, while the second group 
occupies the area ftom Cedros Island northward. There is some 
mterchange of fish foetween the two groups around Cedros 
Island. Because of Umited mixing foetween die two stocks, the 
southem Calffomfe fisheiy b wholly dependent on fish re
cruited from Uie northem populatioa 

The number of yellowtaU avaifeble to southem Califonua 
fishermen in any given year b dependent on whahcr warm 
water conditions exist off northem Baja Califoma Evcdtont 
yellowtail catches have occuned during yean when w3icr 
temperatures were at least three to five degrees F .ifoov c normal 
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in the spring. Conversely, periocb of cool water produce low 
catches. When fish are available, they usually are found 
nearshore in Uie spring and fall but offshore during die 
summer months. 

Status of Population 

WhUe no population estimate is avaUable for the northem 
stock of yeUowtaU, the resource appears to be healthy The stock 
is probably not as large as it was in die early 1950's but can 
support significant sport and commercial fisheries when oce
anic conditions are fevorable. 

Dafe colleaed during die 1970's and early I980's mdicate 
that the northem popufetion has undergone a shift in fish size. 
Two and three year olds now dominate the catch, whereas six to 
nine year olds made up the majority of die catch in the past The 
shift in size could be an in(Ucator of either population sttess or 
good recruitment 

Because more of the northem st(xk is avaUable to sport 
anglers during warm water conditions, CPFV catches during El 
Nirio evenb should provide an indication ofthe health ofthe 
resource. Three major El Niflo events have taken place in recent 
years: 1959, 1973, and 1983. While CPFV aaivity has re
mained relatively sable, catches have declmed from 457,000 
fish in 1959 to 221,000 fish ui 1973 and 179,000 m 1983, The 
decline is probably reflective of a reduced but still viable 
yeUowtaU popufetion off northem Baja Calffomia 

Steven J. Crooke 
C âlifomia Department ofFish and (jame 
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CALIFORNIA BARRACUDA 

History of the Rshery 

Tlie Calffomfe barracixfe (Sphyraena argentea), also 
known as the Pacific tarracucfe, has played a significant role m 
the growth and development of Calffomfe's commerdal and 
spon fishing industties. Taken primarily offsouthem C!alifor-
nia and northem Baja Calffomia, Mexico, barracuda figured 
prominenUy in the development of the purse seine fishery, 
AddiUonally, they have long been a major component of the 
southera CaUfomfe spon fish catch 

Annual recorcb of conunerdal foarracuda lancUngs date 
back to 1889, but only nine yean of intermittent records exist 

through 1915, and these are not specific as to catch areas, Suice 
1916, lancUng records have differentiated barracucfe caught in 
Calffomfe waten (essentially off southem Calffomfe) from 
Uiose caught "south of state" (northem Baja CaUfomia waten). 
Commerdal landuigs for 1889 were 0.5 mUUon pounds, and by 
1915 they were 3.6 mUUon pouncb. A purse seiner was operat
mg off soudiem Calffomia as early as 1893, and ib landings 
may have contained banacuda. By I9I6, the purse seine fleet 
had at least seven vessels. Influenced by the economic uipeuis 
of Worid \^^ 1 the commercial foarracuda fisheiy grew concur
rently with the rapid devdopment ofthe purse seine fleet 

Attempb to manage the tiarracuda fishery foegan in 1915 
with a minimum size lunit of 18 inches for hook-and-Une 
caught foanacucfe Since thea many commercial and sport 
regufetions on gear, seasons, weight size, and bag lunits have 
been enacted modified or repealed Today, most banacuda are 
taken foy giU neb with 3.5-inch mesh, although some are taken 
by hook and Ime. The minimum size lunit is 28 inches. May and 
June are usuaUy the peak months of commerdal fishuig activity 
for barracuda 

Ĉ alffomia oommcrcial landings ofCalffomia banacuda, 1916-1969. 
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Annual commerdal landings of barracuda taken in Cali
fomia waten averaged 3.1 mUlion pounds from 1916 tiuough 
1948, but only about 290,000 pounds from 1949 Uirough 1991, 
Landings laken "south of sate" averaged 1.1 million pounds 
annually from 1916 through 1968, but ordy 440 pounds from 
1969 through 1989, The major reason for the decline was the 
unposition of commercial fishing regulations by Mexico which 
became inaeasingly restrictive to Calffomia fishermen over the 
years. From 1916 through 1989, annual commeidai landings 
ofbarracu(fe taken in southem Calffomia waters have exceeded 
Calffomia lan(Ungs ofbanacuda taken "south of state" in aU but 
10 yean. 

In general commerdal barracuda prices are a function of 
supply and demand. Historically, the price paid to fishermen 
has been low. In 1989, commerdal fishermen recdved an 
average $0.71 per pound 

of other sport fishes, and that they often equaled or exceeded 
commerdal landings (ui vveight) for barracuda taken in Cali
fomia waten. Annual landings for these five years averaged 
roughly 630,000 fish. Records were not kept from 1941 through 
the fint haff of 1946. As interest in marine sport fishing grew in 
the post-Worid War II era, the sport take of barracuda greatiy 
exceeded that of the commercial fleet in Calffomfe waters. 
From 1947 Uuough 1970, the average annual CPFV landuigs 
were nearly 450,000 fish In 1971, the cunent 28-mch mini
mum size lunit for aU sport-caught foarracuda foecame effective, 
causuig an 87 percent decline in CPFV foarracuda landings 
from the previous year. From 1971 through 1990, barracuda 
CPFV landings fluauated foetween 26,289 fish and 157,913 
fish and averaged afoout 79,500 fish annuaUy 

The Marine Recreational Fisheries Satisfies Suney has 
shown that, on average, 54 percent ofthe total foarracuda catch 
is from CPFVs, 45 percent is from private and rental fooats, and 
1 percent is from shore. A recent CDFG smdy has determined 
that roughly 60 percent of CPFV-caught barracuda are released 
(almost aU of which are less than 28 inches). Los Angeles County 
accounts for 58 percent ofthe CPFV barracuda lancUngs. 

Sport anglen, espedaUy aboard CPFVs, usually use live 
anchovies lo fish for barTacu(fe. Anchovies are also used to 
chum and hold barracuda schoob close to the boat. Metal or 
plastic artfficial lures in a variety of shapes and colors are also 
popular. Sport-caught barracuda are taken mainly near die 
surface. Most fishing activity occun from May through Sep
tember, when surface water temperatures range between 62° 
and 70" F 

Califomia commercial passenger-carrying vessel landings of 
Califomia barracuda, 1947-1969. 

California commercial passenger-carrying fishing vessel landings 
of C:alifomia barracuda, 1970-1990. 

Thepopuferity of Calffomfe barracuda asa game fish goes 
foack to at least the mid-I920's, as is evident from photographs 
and newspaper accounts. However, the Califomia Department 
ofFish and Game (CDFG) did not foegin collecting records of 
commerdal passenger fishing vessel (CPFV) sport fish land
ings until 1936, Records from 1936 Uirough 1940 reveal tiiat 
CPFV barracuda fendings (in numben offish) exceeded those 
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Califomia barracuda, Sphyraerui argentea. 

Status of Biological Knowledge 

The Califomia barracucfe is a neanhore, epipelagic, 
schooling fish found from Cabo San Lucas, Baja Calffomia to 
KcxUak Island, Alaska Calch origins indicate the population is 
centered between San C^ientia Baja Calffomia and Point 
Conceptioa Calffomfe. During warm water oceanic events, 
such as El Niflos, a portion ofthe population may shift north
ward into central Califomia. Frequendy seen at the surface 
banacuda have foeen taken at depths of 120 feet. 

Growth in length b most rapid during the first year of lffe 
Banacuda reach a total length of 14 inches at one year. At two 
vears they have grown to 20 irxhes and weigh atxiut one pound 
However, die maximum growth foy weight of nearly one pound 
per year is achieved foy four- and five-year-old fish. The 
rmmmum size limit of 28 inches, approximately a three-pound 
fish, is near the average size for a four-year old. At this age, 
females are afoout 0.75 inches larger than males, and the 
difference inCTeasestoab(iut2.5inchesinfishoversix years old 
The oldest fish aged was an ll-year old measunng 41 inches 
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and weighing about mne poun(b. Larger and presumably older 
fish include the sate angling record of 15 pounds 15 ounces and 
a 17-pound fish caught off Carpenteria ui 1958 Uat measured 
46,5 inches. 

Califomia banacuda produce pelagic eggs and lanae. 
Fertilization takes place extenaUy as the sexes simultaneously 
release Uieir gametes. At two years, almost aU males and 75 
percent of females are sexually mature. AU are mature at three 
years of age Full sexual mamrity (xcun m males at a length of 
20 inches and in females at 22 uiches. In a single spawning, a 
two-year-old fenale may produce 50,(XX) eggs, increasing to 
about 400,000 by age six. Individuab nay spawn more than 
once during a spawning seasoa Off soudiem Calffomia, 
spawning takes place from April to Septemfoer, peaking m June. 

Feeding hafoib of Calffomfe barracuda are not weU docu
mented but some potential prey spedes can foe mentioned 
Ehiring pefegic schooling movements, foarracuda may feed on 
other open water schooUng fishes such as northem anchovy. 
Pacific sardine. Pacific mackerel, jack mackerel, and Pacffic 
saury. In association witii kelpbeds or shallow water habiats, 
ihev' may feed on topsmelt and Calffomia gmnion. Opportunis
tic feeding on market squid made vulnerable during their 
spawTung activity, is lUcely. 

Previous references to the predaton Uat feed on Califomfe 
banacucfe have listed sea Uons, seab, porpoises, and giant sea 
bass. Analyses of the gut contents and scat from marine 
mammals have failed to discover barracuda renains. Obsena
tions of Califomia sea lions and hartxir seals opportunistically 
feeding on banacu(fe injured or entrapped by fishing gear are 
common, but these animals more typically feed on the same size 
prey as adult barracuda Giant sea foass are more likely predaton 
on juveniles and adult banacuda 

Califomia banacu(fe have an inshore (Ustribution during 
their eaily lffe history. Fish a few inches long are obsened ui 
protected bays and marinas. Larger young-of-the-year fish 
school below die canopy of semiproterted kelp-bed habitats. 
Older juveniles and adulb form large schcxils that disperse 
widely in the open-water environment 

Movements ofCalifornia barracucfe have been studied by 
agging. Fish tagged during May 1959 at locations off northem 
Baja Calffomia and off southera Calffomia were recovered at 
intermixed Icxations, incUcating a single popufetioa Move
ments of up to 100 miles north and south occuned during the 
summer, but a portion ofthe recoveries were at the release sites. 
Howevet a general migration pattem that was distuxtiy north
ward during the summer and less distinctly southward during 
the fall was indicated. Movements are presmnafoly a response to 
sea temperamre, and warm overwintering temperatiues off 
soulhem Califomfe reduce the southward retura High catch 
success during spring and summer off southem Calffomfe has 
foeen correfeted widi warm sea temperamres the prececUng winter. 

Status of Population 

The status of the Calffomia foarracuda popufetion is un
knowa foecause daa concenung catch fishing effort and age 
composition are scarce. Barracuda catches off Califomfe are 
variable for many reasons, one of which is that barracuda are 

migratory with a preference for warmer waters. During an El 
Nifio event, when warmer ihan normal water masses move up 
the coast lanacuda are caught far north of their normal range 
and Ul greater than average numbers off soutiiem Calffomia, 
suggesting a higher population level. Thb was apparent during 
the 1957-1959 El Niflo event one ofthe most intense on record. 
However, during the similarly intense 1982-1983 El Niflo 
event banacucfe catches cUd not inaease appreciably. Assum-
uig fishing effort and the percenage ofthe population migrat-
uig northward were similar, the difference suggesb that the 
banacucfe population was depressed during the latter El Niflo 
period. Catches in the late 1980 's have inaeased above those of 
recent previous yean, incUcating a possible resurgence in 
popufetion level. Only during one three-year period 1958-
1960, has the number ofbarracuda off southem Calffomia been 
estimated by die CDFG. Estimates ranged from 1.6 to 2.9 
miUion fish 

Angler placing a CaUfomia barracuda in an experimental 
refrigeration system. 

Because of uncontrollable faaon such as migration, water 
temperamre, and Mexico's management poUcies, die CDFG's 
management poUdes for thb spedes probably have a Umited effea 
on ib population levd. Nevenhdess, the regulations are intended 
to reduce the lUedihood of overfishing Uib valuable resource. 

J.R Raymond Ally and Ken MiUer 
Califomfe Department of Fbh and Game 
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CABEZON 

History of the Rshery 

As game fish, cabezon (Scorpaenichthys inarmoratus) aie 
prized foy sport divers for ecUfoUity, size, and ease of capture. The 
reaeational take foy persons atxiard commercial passenger 
fishing vesseb (CPFVs) does not comprise a large proportion of 
die catch, but those that are taken are usuaUy of a good size, 
averaging around 3.5 pouncb. Sana Baifoara generally has the 
highest fendings foy CPFVs in the sfete. 

. » t . * ..« 

CaUfomia commercial landings of cabezon, 1916-1969. 

fendings peaked agam foetween 1979 and 1982 at over 62,000 
pounds. This topped die previous peak of 35,000 pounds in 
1951. Sport landings have generaUy foeen higher than commer
dal landings, altiiough foetween 1979 and 1985 Uus trend 
apparently reversed. OveraU, total landings have fluauated 
greatiy over the years. 

Calffomia commercial passenger-carrying fishing vessel landings 
of cabezon, 1947-1969. 

CaUfomia commercial landings of cabezon, 1970-1991. 

Cabezon are taken uiddentaUy in conunerdal catehes by 
boab fishing for rockfishes using hook and luie or giU neb. 
AlUiough the meat b tasty, the greenbh or mrquoise color ofthe 
flesh renden it undesirable to some fbh markrt customen. 
Cabezon make up a minor proportion of the total cateh; the 
najority of fish are fended in Monterey. 

Sport and commercial landings footh peaked during the 
period 1950-1958. Since Uat time, sport fish catches have never 
come dose to the 18,000 fish taken in 1956. Since 1970, Uie 
calch has averaged under 6,000 fish a year. Commerdal 
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CaUfomia commercial passenger-carrying fishing vessel landings 
of cabezon, 1970-1990. 

Status of Biological Knowledge 

The cabezon is the largest member ofthe con id farmly. fe 
Spanbh cabezon means big-headed or smbbom, and propoi-
tioially, the massive head is definitely the largest feature of tius 
fish. The specific name marmoratus refen to the marbled or 
motUed appearance of the foody, which can foe leddish, greenbh 
or foronze. Generally the beUy b a pale turquoise or white and 
there are no scales on the foody. 

Popufetions range along the eastem Pacffic coast from 
Point Aforeojos, Baja (Talffomia to SiUca, Alaska They are 
found on hard foottoms ui shallow water from intertidal pools va 
depths of 250 feet Fish frequent subddal habiais m or around 
nxky reef areas and under kelp foeds. 

Cabezon may reach an age in excess of 20 \-.:an The 
fergest recorded size b 39 inches m length and ov CT ' ' pounds 

SMB-26896 



Juvemles can reach a size of nearly dght inches in twoyean, at 
which time males may become sexuaUy mature; foy three yean 
of age aU males have matured. Some females begm to mature in 
their Uiud year foetween 10 and 19 uiches ui length, and foy die 
fifth year all females are sexually mature. 

Cihczon,Scorpaenichthys marmoratus. 

In Calffomia, spawning commences in fete Odofoer, peaks 
in January and continues untU March, whUe, in Washington, 
the spawning season foegins in Novemfoer and extends to 
Septemlxr with a peak in March and AprU. There is some 
evidence that at least in Washington, females may spawn more 
than once in a season. Females spawn Uieir eggs on subtidal, 
algae-free rocky surfeces, which can foe horizontal or vertical in 
orienation. Up to 152,000 eggs can foe expeaed from a large 
female (30 inches, 23 pounds). Masses ofdie pale green or reddbh 
eggs are up to 18 inches in diameter and up to two to four inches 
thick. As the eggs develop they change to an olive green color 

There have been several reports on die toxidty of cabezon 
roe. In Uie 1950's, the weU-known ichthyologist Cail Hubfos 
published a personal account from 1923 of eating cabezon roe. 
As part of an ongomg search for another caviar, Hubbs and his 
wife consumed the roe and flesh ofa cabezon for dinner Four 
hours feter they "... awoke in miseiy ... aind were violently iU 
throughout die rest of the night." Both were veiy weak the 
foUowing cfey, but there were no imgering symptoms. Labora
toiy evidence indicates that the roe b lethal to mice, rats, and 
guinea pigs. Anecctotal infonnation on egg masses exposed at 
low tide suggests they are not preyed upon by natural predaton 
such as raccoons, mink, or birds. Obsenations of captive 
cabezon have dcxumented a female eating her own eggs with no 
resulting iU efferts. 

Males feitiUze the eggs afier Uiey are spawned by the 
female, and the male guards the nest Apparentiy the same nest 
sites are used from year toycar Fish are veiy protective of die nests 
foi die tvw to Uuee v%eeks it takes die eggs to devdc^ and hatch 

Pelagic juvenUes are silvery when small, spending their 
fint Uiree to four months in the open ocean feecUng on tiny 
cnisfeceans and other zoopfenkton. At a size of about 1.5 
inches, juvenUes leave the open water and assume a demenal 
exbtence. They appear in kdp canopies, tide pools, and oUier 
shallow rocky habifeb such as breakwaten from AprU to June 
in Calffomia. 

Cabezon can tx apUy descrifoed as "sit and wait" predators. 
Their motUed coloration leb them folend in with die surround
ings as they sit motionless to wait for thdr next meal. With 
ferge, robust peaoral fins srt low on the txxly and a powerful 

taU, they qiuckly lunge after unwary prey, enguffmg it ui iheir 
large mouth. 

Their diet consists mainly of cmstaceans, although large 
and small cafoezon have different diets. Adult fish eat aabs, 
small lobsters, mollusks (abalone, squid oaopus), smaU fish, 
and fish eggs. Small juvenUes depend mainly on amphipocb, 
shrimp, aabs, and other smaU cnisfeceans. 

Juveniles are taken foy rockfishes and larger cafoezon, as 
weU as by Ungcod and oUier sculpins. Large cafoezon may foe 
taken foy haitxr seals or sea Uons, as well as foy humans. 

Cafoezon nomaUy occur neanhore, except as fenae. Usu
ally solitary, juvemles and adults boUi are common on any rocky 
bottom area with dense algal growth They are often m the 
vidnity ofkelp beds, jetties, isofeted rocky reefs or pinnacles, 
and Ul shallow tide pools. 

Most of their time b spent sitting in holes, on reeb, in 
pools, or on kelp blades txneath the canopy, fout not actively 
swimming. As fish get older and larger they tend to migrate to 
deeper water In shaUower water Uiey migrate in and out wiUi 
Uie tide to feed Their hafoit of sitting makes them an easy targrt 
for sport diven. 

Status of Population 

Limited infonnation is avaifefole on popufetion biology or 
changes in foiomass over time. As sport diving and spear fbhing 
foecome more popular, it is possifole popufetions living ui 
popular fishing spob wiU foegin to decline. 

Defoorah Wilson-V^denberg 
Calffomfe Department ofFish and Game 
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LINGCOD 

History of the Rshery 

Tlw lingcod (Ophiodon elongatus) b one of die largest 
northem Calffomfe sport fishes. It b an aggressn e prccfetor Uat 
readily takes either a foaited hcxik or an artificial lure, and it is a 
prized food fish AlUiough the rawflesh someu mes hasa blue or 
green color, Uie flesh when ccxiked b white and of a mild flavor 
From 1981 to 1986, Ungcod provided more pouncb of fish to 
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central and northem Calffomia recreational fishermen than 
any other spedes, mducUng salmon. Only the rockfish group 
provides more pouncb of fish to northem CaUfoniia reae
ational fishermea 

Annual landings averaged 51,250 lingcod from 1957 to 
1961. At an average weight of eight pounds each, the annual 
yield was 410,000 pounds. The recreational fishery produced 
20 to 25 percent by weight of aU lingcod fended in those years. 
Twenty years feter recreational fishermen were landing five 
times as many lingcod but they were 20 percent smaUer From 
1980 Uuough 1986,annual landuigs averaged 254,000 fish per 
year. These fish averaged 6.2 pounds each yieldmg 1,575,000 
pounds per year. The recreational fislxrmen's share has in
aeased from a quarter to haff of aU Ungcod landings. 
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CaUfomia commercial passenger fishing vessel landings of 
Ungcod, 1947-1969. 

is the most common dead foait. Chrome plated jigs are the most 
popular artfficial lures. 

Reaeational anglen catch Ungcod while fishuig fro^ 
commercial passenger fishing vessels (CPFVs), privately 
owned fooats (skiffs), piers, and the shore. In the fete I950's, 61 
percent of the Ungcod caught foy recreational anglen were taken 
aboard CPFVs. Howevet Uie CPFV share of Uie fendings 
declined to 33 percent in Uie early 1980's. Skiffs picked up Uie 
difference, increasing their share of Imgccxl fendings from 32 to 
58 percent. Shore and pier anglen and diven take a refetiveiy 
small portion of Ungcod landings; there appean to have been 
UtUe change in their share. 

Several stqis have foeen taken to talt the decUne in size of 
Ungcod avaUable to anglen. A 22-inch size lunit was estab
Ushed in 1981, and die foag lunit was reduced from ten to five 
fish one year later These measures have slowed die decUne but 
have not stopped it entirely. 

CaUfomia commercial landings of Ungcod, 1916-1969. 

CaUfomia commercial passenger-carrying fishing vessd landings 
of lingcod, 1970-1990. 

LingccxJ are most afoundant north of Santa Bartiara county, 
wiUi eighty to ninety percent of Uie recreational landuigs being 
made north of San Lub Obispo County. Diven and reaeational 
anglers both take lingcod Diven use spean, and anglen use 
several styles of hook-and-line gear from a variety of fishing 
plafforms. They may use either Uve or dead foait or artifidal 
lures. Anchovies, squid, sanddafos, small rockfishes, kelp 
greenlings, and while cioaken are used as live foait, w hile squid 

Calffomia commercial landings of lingcod, 1970-1991. 

The Ungcod is also a valuable spedes m the fresh-fish 
markrt trade and b caught primarily north of Sana Baibara. It 
is frequendy sold whole when landed in small quantities. A 
large Ungcod makes an impressive addition to a display of fresh 
fish on a bed of ice. Hook-and-Une caught Imgccxl are prefened 
for Uiese displays, and fishermen receive a premium pnce for 
such fish foecause the fish's skin is not marred when Uiey are 
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caught. Large catches of lingcod are usually fUleted. Boneless 
portions can foe cut from large filleb, and Uie flesh is slow to 
develop strong odon. These qualities conuifoute to die luigcod's 
conunerdal value. Commerdal fishermen received S1,020,000 
for die Ungcod they sold in 1989. 

Recorded commerdal landings in Calffomia have ranged 
from a low of 400,000 pounds in 1924 to a high of 3.8 mUUon 
pounds in 1974. Larger quantities are taken off Oregoa Wash-
uigtoa British Columbia, and Alaska. Most of Uie landings 
precedmg World War II were caught by hook-and-line fbher
mea Before 1946, commerdal landings fluauated between 
1,288,000 pounds in 1930 and 314,000 pounds in 1942, 
averaging 758,000 pounds per year. 

With the inttoduction pf the foaUoon trawl during World 
War Q, trawl gear became the most important source of luigcod 
landuigs. Landings increased to 2,056,000 pounds in 1948, and 
then decUned to 800,000 pounds ui 1966. Landings began to 
recover in the fete 1%0's, and duntied sharply in the early 
1970's reaching a new high of 3,824,000 pounds in 1974. Thb 
inaease ih landings during the 1970's had at least two causes. 
Lingcod experienced exceptional reproductive success during 
the fete 1960's, and gill neb became an important means of 
catching rockfish and lingcod at Monterey. Since 1970, a large 
portion of the commerdal Ungcod catches south of San Fran
dsco have been taken in giU nets. 

During the I980's, two-thirds of die commercial lingcod 
landings were taken by trawlen. Eighteen percent were taken 
with unknown gear and at least 13 percent were taken with giU 
nets. On average only 2.7 percent of the Ungccxl sold ui the 
1980's were caught on hook and Une. Howevet as salmon 
popufetions declined and gUUietung was restricted nany fish
ermen converted to fishing for rockfish and Ungcod with hook 
and Une. Hook-and-line landings of lingcod inCTeased seven 
fold from I985to 1989, piochidng 30 percent of the commeidai 
Ungcod landings in 1989. 

TrawUng is generally prohibited wiUiin three miles of 
shore Most of Uie adult males and many of die adult females 
and juveniles feed ui these nearshore areas. Gillnetting for 
rockfish has recentiy foeen prohifoited in state waters, fiuther 
protecting boUi juvenile and adult Ungcod 

Lingcod, Ophiodon elongatus. 

Status of Biological Knowledge 

Lingcod are found only off the west coast of North 
America. They are distrifouted in nearshore waten from north
em Baja Califomfe to the Shumagin Islands along the Alaska 
Peninsula Their center ofabundance b off Britbh Columbia 
and they tiecome less common toward the southem end of their 
range. Lingccxl are found over a wide range of substrates al 

depths from 10 to 1,300 feet but most occur in rocky areas from 
30 to 330 feet 

Adult Ungcod are strongly residential tending to remain 
near Ux reefs or rocky area where they live. Large-scale fegging 
studies in Canadian waters have found Uat the vast najority of 
mamre luigcod are recapmred widiin six miles of where they 
were fegged. Individual fish do make long movemenb, how
ever, and one fish Uat was fegged at Cordell Bank was 
recaptured nine monUis later at CoquiUe Bank, Oregoa over 
430 miles away JuvenUes tend to disperse and ttavel ever a 
wider range than adulb. 

Lingcod growth foUows a typical pattem of rapid inaeases 
in length during the first yean oflffe, foUowed by progressively 
smaller inaeases. AlUiough there is large varfetion ui length at 
age, the average one-year-old fish b 13 inches, and atwo-year-
oldb ninches. After age two, females begintogrowfasterthan 
males. The average four-year-old female is 24 mches, an eight-
year-old is 32 inches, and a 12-year-oId b 35 inches. The 
average four-year-old male b 22 inches, an eight-year-old is 29 
mches, and a 12-year-old b 32 inches. In Calffomia, Uie oldest 
Ungcod on record is a 14-year-old 37-mch female, while the 
longest b 43 inches. The maximum age recorded anywhere b 20 
years, anda 59-inch British Columbfe Ungcod weighed 70 pounds. 

Both sexes mature over a wide size range. In CaUfomia, 
some females mature at 20 uiches, haff are mature at 23 inches, 
and all are mattue by 28 inches. Some males mattue at 14 
inches, haff are mattue at 16 inches, and aU are mature foy 22 
uiches. Size at namrity is larger for luigcod ui more northerly 
fetimdes because these fish grow faster. 

Lingcod have a unique form of reprixluction which in
cludes spawning migrations into neanhore habiats, reproduc
tive territoriaUty by males, spawning of an egg mass to form die 
nest and the presence ofa guardian male at the nest untU the 
eggs hatch In Calffomia waters, spawning foeguis by Novem
ber and continues untU March, wiUt a peak in December and 
January. Males move into the spawning grounds first to esfeb-
Ush territories, and it appean ttat larger males selert die most 
suitafole nesting sites. Prefened nest sites are rocky areas m 
shallow water (low tide Une to 100 fert) where there are strong 
cunenb. A relativdy sttong current is necessaiy to oxygenate 
the egg mass and prevent death of the embiyos. Oftea egg 
masses are located on rocky ledges with an opening (UrecUy 
behind the eggs toaUow water to pass over the nest Laboratory 
studies show that a cunent with a velodty of four to six inches 
per second b necessary to provide adequate oxygen leveb 
throughout the egg mass. 

Lingcod profoably spawn at night After a female chooses a 
male and a nesting site, she swims over the site and deposits a 
feyer of several eggs. The male then swims over the site and 
fertUizes the eggs. This process is repeated until spawning b 
completed after which the female immedfetely leaves the 
spawning grouncb. The eggs become fiimly cemented lo each 
other witiiin the gefetuious mass ui 24 to 48 houn A 24-inch 
female can produce 50,000 eggs, a 32-uich female 124,000 
eggs, and a 36-uich female 170,000 eggs. Egg masses of Uuee 
to 68 quarts have lieen reported 

After spawning, males remain to guard the nests from 
predation untU hatching is complete. Males posiuon ihcm-
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selves witiiin three feet of tiie nest and drive away potential 
precfetors. On occasion, males have been found guarding two 
nests ff they were close together ff the male b removed a new 
male wil I sometimes assume the guardian role. Males have veiy 
aggressive behavior during nest guarding and therefore, are 
particularly vulnerable to fishing at thb time. An unguarded 
egg mass b invariably eaten liy predators. The eggs generally 
hatch atxiut seven weeks after they are laid but incubation can 
last from five to 11 weeks. Eggs on the oubide ofdie egg mass 
hatch fint Hatching may continue for 24 to 48 hours, after 
which the guardian male leaves. 

Newly hatohed larvae (0.25-0.5 inch) occtu in Januaiy and 
Febmaiy in Humfooldt Bay and San Francisco Bay. In Canadian 
waters, the fust appearance ofthese larvae is in early March 
From March until June, lingcod grow afoout 0.04 meh per day, 
ttansforming into pelagic juveniles. Juvenile lingcod may foe 
caught off central (TaUfomia from April (at two inches in 
lengUi) to June (at Uiree inches) in pelagic ttawb in the upper 
100 feet of the surface waten. After June, Uiese juvenUes 
cUsappear from surface waters and migrate to foottom habiats, 
frequently around kelp and eelgrass foecb. Lingccxl appear in 
typically adult habiab at afoout 12 inches. 

Lanal lingcod feed primarily on various lffe sages of 
copepocb. Ehiring the pelagic juvemle stage, there is a gradual 
ttansition from a dirt of smaU copepods to one of ferger 
copepocb, crab lanae, amptupocb, euphausuds, and herring 
fenae. As small benthic juvenUes, lingcod feed on herring, 
flatfishes, shiner perch, and other fishes. Even young lingcod 
have a veiy large mouth for their body size, allowing them to 
feed on prey much larger than other fish of their age and size. 

For ferge juvenile and adult lingcod fish b the dominant 
prey, accounting for about 80 percent (by volume) of the 
stomach contenb. In Calffomia waters, juveiiile rockfishes are 
the most important prey. When the stomachs of nest-guarding 
males are examined they are invariably found to be empty. 

Most precfetion on lingcod occun during theegg stage, and 
predation foecomes less common with age. Tbe presence of a 
nest- guardmg male prevents fish precfetors, often other green-
Ungs and surfperches, ftom consuming the enure egg mass; 
when the guardian male is removed the entire egg mass b lost 
Invertebrate predaton such as predatoiy snaib commonly feed 
on egg masses and are not repulsed by guardian males. On rare 
occasions, pefegic juvenile Ungcod (1.5 to 2.6 inches) are found 
in the stomachs of chinook salmon from the Guff of the 
Farallones. It can foe assumed that other predaton of juvenile 
fish, such as seabirds, particularly the common mune, and 
marine mammals, prey on juvenUe Ungcod at a sinular rate. 
Small benthic luigcod are not usual prey of neanhore predaton. 
Because of their ferge size, large juvenUe and adult lingcod 
escape aU fout the occasional precfetor. 

Status of Population 
Fishing success is cunently our only long-tenn indicator of 

changes in Uie abundance of Ungcod Commerdal and reCTe
ational landings exhibit regular fluctuations with a periodidty-
of about ten years; commerdal landings having peaked seven 
times in the past 73 yean. 

Reaeational fishing success las exhibited regular fluctua
tions over Uie past 40 yean, wiUi each peak falUng witiun two 
years of a peak in commercial fendings. Peak landings of 
Ungccxl have foeen preceded foy reporb of sightings of smaU 
Ungcod SCUBAdivenoccasionaUy see fergenumbenofsmaU 
Ungcod less Uan one year old Sightings were reported Uuee to 
five yean before each of Uie last three peaks. The yean of 
exceptional luigcod abundance are probably Uie result of espe
dally good survival of Ungcod larvae. Although diven saw 
some smaU Ungcod in 1988 and 1990, they were much less 
abundant than the 1984 cohort that produced the peak spon and 
commerdal fendings of 1989. 

The population b StUl strong and is StUl providing landuigs 
ofa size sinular to those nade early in this centtuy. There is no 
long term trend in commercial landings. There has, however, 
been afive-fold increase m recreational landings in the past tvm 
decades and a 20 percent decline in the average weight of 
reaeationaUy-caught Ungcod The decline in average weight is 
accompanied by a consicterable reduction in longevity of ling
cod This ttend must be stopped to ensure the existence of a 
spawning biomass large enough to produce an abundance of 
fenae when oceanic condiuons are conducive to their suniv-al. 

Peter B. Adams 
Nattonal Marine Fisheries Seniee 

James E. Hardwick 
CaUfomfe Department ofFish and (jame 
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KELP GREENLING 

History of the Rshery 
Kelp greenUng (Hexagrammos decagrammus) are fished 

primarUy for sport fout there is a smaU commercial fishery 
based fergely on catoh incidental to the luigcod or inshore 
rockfish fisheries. Because of Uidr abundance in neanhore 
rocky areas, they are frequendy caught liy people fishing from 
shore or small focats and are a common targrt for spear 
fishermcnunderwater Sport fishing surveys made from 1958 to 
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1961 showed Uat kelp greenlmg were Uie most frequent catch 
ofbhore fishermen north of San Frandsco, where in some areas 
Uiey made up more Uan 30 percent ofthe total catch. In each of 
those yean in Calffomia, an average of 54,000 kdp greenUng 
were caught by hook-and-Une fishermen and anoUiei 2,000 by 
spear fishermen. In later suneys from 1979 to 1986, the 
estimated sport catch averaged 116,000 fish per year, wiUi 
109,000 of Uiese taken between Monterey County and the 
Oregon border. It should be noted that the two sport fbhing 
suneys used different samplmg designs, and so resiUb may not 
foe comparable. By comparison, the commerdal catch reported 
from 1987 to 1989 averaged about 5,000 fish peryear. Most of 
Uiese were sold in the ftesh^sh market Though fiUeb from 
kelp greenlmg are not as large as those from their more popular 
refetive the Ungcod texture and taste are comparafole. 

Kelp greenling, Hexagrammos decagransnus. 

Status of Biological Knowledge 

Kelp greenling range from San Diego to the Aleutian 
Islands, fout are common only north ofMono Bay. Here Uiey are 
one ofthe most conspicuous fishes in rocky neanhore hafoiab 
often in and around kelp foecb. The male and female look so 
different that they were fust described as separate species The 
body color b variable in both sexes, ranging from Ught gray to 
brown Males, however, have large irregular blue patches 
anteriorly, while females are unfformly covered with smaller 
dark spots. 

These soUtary fish are common at depths foetween 10 and 
60 feet and range down to 150 fert. Sport catehes indicate that 
ferger fish live ui deeper water For example, fish caught at 80 
to 100 feet range from 12 to 18 inches long while those caught 
at 20 to 40 feet tend totie dght to 13 inches long Kelp greenUng 
grow faster than most nearshore fblies during their first three 
years. After die third yeat growth slows, espedally in males (as 
it does Ul Ungccxl), so that liy the fifth or suth year males are 
smaller than females. The maximum reportedage and size is 16 
yean and 21 inches. At age 3, males average 10.6 inches and 
females 9.1 inches. By age 5, the males average 12.6 mches 
whUe females are 14.7 inches. Ten year olds average 15.5 and 
16.4 inches, respectivdy These studies were done in Pugrt 
Sound Washingtoa 

The reproductive foehavior of greenlmg b sinular to that of 
Uie Ungcod. Females are mattue foy their fourth year and spawn 
adhesive egg masses on the seafoed and encmsting foiota within 
Uie territories of courting males. In Pugrt Sound females 
deposit egg masses that range finm goff-baU to tennis-ball sue, 
with an average of afoout 4,000 eggs per cluster Males fertilize 

the eggs and guard Uiem until larvae about one third of an inch 
long emerge four to five weeks feter Oftea males guard more 
than one egg mass at a tune, each possibly produced by a 
different female. Hatching occun from December through 
Febmaiy in norihem Calffomfe and geb progressively earUer 
to the north, November through Januaiy in Pugrt Sound and 
August Uuough September in Alaska Larvae and early juvenUes 
feed on snaU copepods and spend about one year in ttx pefegic 
environment foefore entering the neanhore foenUuc cominunity. 

After they senle in the neanhore environment kelp green
Ung have flexifole food hafoib. During most of the year, they 
consume a variety of prey that b consistently avaUable m the 
habitat including crabs, amphipods, polychartes and asddians. 
There are brief periods wtien organisms such as juvemle fisties or 
hening spawn become exceptionaUy afoundant and kelp green
Ung shift Uieir food hatiibto ake advantage crf'theseoppormnities. 

The primaiy precfeton of adult greenlmg are Imgccxl and 
die haifoor seal. As juveniles they probably are piey of many 
neanhore precfeton. 

Status of Population 

There are no estimates of afouncfence for kelp greerUing m 
Calffomfe. The yearly sport cateh renained refetiveiy constant 
during the eight yean (1979-1986) it was suneyed Smce 
dedme in cateh b one symptom of overfishing, there is no 
incUcation that current leveb of fishing are having adverse 
effects on the popufetioa Spear fishermen may overfish local 
popufetions, howevet foecause they can select individual tar-
geb, and greenUng are particularty vulnerable to spears when 
guarding their nesb. Other cfea that could reveal changesm the 
popufetion stmcture are not avaifeble 

Dan Howard 
National Marine Fisheries Service 
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WHITE SEABASS 

History of the Rshery 

White seabass {/Atractoscion nobiiis) have been favorcd liy 
CaUfomfeanglenandconsumenforatleastaccniurv Coastal 
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Uidian nuddens have yielded many seabass ear bones (otoUtiis) 
suggesting that this fish was highly regarded for food and , 
possibly used for ceremonial purposes. 

Clommerdal landings of white seabass have fluctuated 
widely over the nearly 75 yean of record keepmg. Almost three 
miUion pounds were reported in 1922, 599,000 in 1937, 3,5 
miUion m 1959, and 70.000 in 1982. Since 1959 die ttend has 
been one c^ decUne, alUiough fendings have been over 100,000 
poundsforthelastdghtyean(1984-I991). AlUiough dierewasa 
commercial fisheiy ui die San Francisco area from die late 1800's 
to Uiemid-1920's, fending offish caugjbt north of Point Concep
tion rardy '"j;;rf**^^J!ffl^f?r*^^^^ <̂ t<̂ tt 

Todeifitidt^s^^^gtg0(i^aiitfisfiokita.ted alongjlie 
coast from Poiiit,@iBt^ida|itp.T San Diego and arcxind the 
Channel blands^. Be&i^lSS^ygBiUfbraiftoomniercial fisher
men landed thousands of poiincb of white seabass taken in 
Mexico. Often these landings comprised more than 80 percent 
ofthe annual catch. Since then, the Mexican govemment has 
denied access permits to U.S. fishennen and the fisheiy b 
concenttated ui Calffomia 

Calffomia commercial landings of white seabass, 1916-1969. 

Califomia commercial landings of white seabass, 1970-1991. 

During the early yean of Uie fisheiy, commercial catches 
were made foy giU nets, hook and Une, and round-haul nets such 
as lamparas and purse semes. Purse seining was curtailed in the 
fete 1920's foecause decreasing catches made it uneconomical. 
Since all round haul neb were prohifoited in the early 1940's. 

giU nets have been the major commercial fishing gear. Tech
nological changes in gUl nets have occurred but Insically ihe 
nets of today are constmcted and fished as m the past. Some 
commerdal hook-and-Une fishing takes pfece during the early 
spring, when large seafoass are avaifeble. 

Although the legal size Umit for white seabass b 28 inches 
(about seven pounds), die average commerdaliy caught fish is 
nearly 40 inches (about 20 pounds). Because of consumer 
demand seabass has always commanded refetiveiy high prices. 
In 1991, conunerdal fishennen were paid about $2.25 per 
pound for whole fish. At the retaU level die fish are sold fresh, 
primarily as fiUeb and steaks. 

Reaeational fishing for white seabass txgan around Uie 
tura of the centuiy. Because of their size and elusive nature, 
seabass are popular with anglen. Historical records show Uiat 
anglen on commercial passenger fishmg vesseb (CPFVs) 
landed an average of 44,600 fish annuaUy during the period 
1947-59. The catch steadUy declined to an average of 11,000 
fish in die 1960's, 4,300 fish in Uie 1970's, and 1,400 fish in Uie 
I980's. These figures are somewhat misleading, as addidonal 
seafoass are caught iiy anglers afooard private fooats, for which 
accurate catches are difficult to estimate. 

CaUfomia commercial passenger-carrying fishing vessel landingi 
ofwhite seabass, 1947-1969. 
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California commercial passenger-carrying fishing VCIKJ landings 
of while seabass, 1970-1990. 
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Today, anglers catch mostiy srnall white seabass, and they 
have difficulty locating and catching large ones. While the 2i8-
uich size lunit also applies to recreational anglen, most ofthe 
catch (kept and released) b between 20 and 24 inches. In a 
suney of private boaten at feunch ramp facilities during 1978-
1982, biologists found that only 6 to 16 percent ofthe white 
seabass kept were of legal size. In a similar suney aboard 
CPFVs during 1985-1987, foiologisb reported Uiat 16 to 25 
percent ofthe seabass caught were legal. However, during short 
periods m spring, ferge seabass are caught These fish can range 
Ul size from 35 to 55 uiches (15 to 45 pounds). 

White seabass are more often caught with live bait than 
wiUi dead bait or lures, but all are effective when the fish are 
actively feeding. Seabass can sometimes be brought to the 
surface by heavy chumming with Uve foait. Angleis fishing 
around Sanfe Catalina Island have reported consistentiy good 
catches using bfecksmith and sUvenides as foait. However, 
when avaUafole, live squid and Padfie sarcUnes are popular 
baits. Spearfishing for large seabass foy free-divers (without 
SCUBA) is successftU in kelp foeds. 

Regulations covering white seafoass have foeen in effert 
since 1931 and have included a minimum size limit, closed 
seasons, foag limits, and fishing gear restriaions. Such regula
tions are in effea tocfey, wilh slight variations. 

..^^i>«^ 
^ ' • • ^ , ^ * 

litis spedes has not foeen determined but a mamrity study ui the 
late 1920's reported Uat females begin mattuing when four 
years old (nearly 24 inches), and some males were sexually 
mature at three yean (20 inches). All white seabass have 
probably spawned at least once by age six (nearly 32 mches). 

The eggs, which are the largest of any aoaker on Uie west 
coast are planktonic. The lanae, which are hardy and darkly 
colored havebeen colleded from Sanfe Rosa Island Calffomfe 
to Magdelena Bay Most are found in the inshore areas of 
Sebastian Viscaino and San Juanico Bays, Baja CaUfomia, indi
cating that major spawning occun off central Baja Calffonua 

Young-of-the-year white seabass, ranging in length from 
0.25 inch to 2.25 uiches, inhabit the open coast m waten 12-30 
fert deep. They asscxiate with foib and pieces of drifting algae ui 
areas of sandy ocean bottom By the time they are two or three 
yean old they move into proterted foays where they utiUze 
eelgrass conununities for cover and forage. Older juvenUes are 
caught off pien and jettia and around beds of giant kelp. Adult 
seabass occupy a wide range of habiats inclucUng kelp beds, 
reefs, offshore banks, and die open ocean. Adult white seabass 
eat Pacific mackerel Padfie sardines, squidpelagic red crabs, 
and Padfie herring 

Laboratoiy spawning ofwhite seafoass was first induced in 
1982. Shortly thereafter, a pilot program was txgun to test the 
feasifoUity of raising seabass for population enhancement. By 
1991, more than 100,000 juvenile white seabass had foeen 
released off San Diego. AdcUtionaUy, valuable Iffe histoiy 
uffomation has tieen gathered during Uib program. More work 
is necessary to determine ff artifidal propagation is successful 
in enhandng the seafoass populatioa 

While seabass, Atractoscion nobiiis. 

Status of Biological Knowledge 

White seatiass is the largest memfoer ofthe croaker femily 
(Sdaenidae) in Calffomfe. Fish weighing nearly 90 pounds 
with lengths of five feet have foeen recorded txit individuab 
larger than 60 pounds are seldom seen. White seafoass range 
from Magdelena Bay, Baja Calffomia, Mexico to the San 
Frandsco area They are abo found in the northem Gulf of 
Califomfe During die strong El Niflo of 1957-1959, seabass 
were reported as far north as Juneaa Alaska and British 
Columbia Canada 

The center of the white seabass population presently 
appears to be off central Baja CaUfomia Recent genrtic re
search of seabass populations shows a definite mingUng of fish 
from Calffomfe and Me.xico. However, there may be local 
subpopulations of fish that do not mix regularly. While the 
question of population continuity remains unresolved Uiere b 
evidence Uat each summer Uic fish move northward wiUi 
warming ocean temperatures (as demonstrated foy catches), 
Biologisb believe the movement is probafoly spawning-related 

Spawning occun from April to August with a peak in the 
late spring lo early summer Fecundity (egg produaivity) foi 

Status of Population 

The range ofthe white seabass populauon has contracted 
since the early part ofthis centuiy, and few are found north of 
Point Conception. Few (fea are available conceming the status 
of seafoass in Mexico, and it is difficult to determine whether 
the decline in Calffomia waters indicates problems for die 
entire popufetion. 

Popufetion estimates have not foeen made. Fbheiy foiolo
gisb have foeen concerned afoout tlie decline m landings since 
Uie fete 1920's. Today, thb concem still exbts wiUiin the 
scientffic community, commercial fishing industiy, and wiUi 
the angling pubUc. Human-induced changes, such as poUutioa 
overfishing, and hafoitat destmction have profoafoly conttifouted 
to this long-term popufetion decline. However, natural environ
mental changes can also influence the popufetion. The laige 
numben of small seatiass caught in recent years suggests that 
die 1982-1983 £1 Nifio helped to increase young fish sunival. 
It is unknown wheUxr Uib wiU subsequently enhance the aduU 
spawning population 

Marija Vojkovich 
Calffomfe Department ofFish and Game 
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CALIFORNIA CORBINA 

History of the Rshery 

The (Talffomia cortiina (Menticirrhus undulatus) is re
sened as a recreational resource. It has Ixen Ulegal to take 
corfoina with nets since 1909 and Ulegal to sell or fouy them since 
1915. This waiy spedes is a real chaUenge to anglen. Some
times corfoina can be seen in small scattered schools, swimming 
slowly along the bottom seeking sand crabs. While feecUng in 
this manner, they seldom take foait The corfoma is considered 
one of the most difiicult fish to catch in southem Calffomia, 
allhough on occasion it throws caution to the wind and takes 
fishermen's foait without hesifetion. Ib temperamental foehav
ior and fine fighting qualities make cortiina a popular surf fish, 
accounting for about 15 percent ofthe surf fisherman's bag in 
soulhem Calffonua Corfoina can be taken throughout the year, 
but summer and early fall provide the best fishing 

A 1963-1966 suney estimated Uat 38,000 cortiina were 
taken by southem Calffomfe anglers, making it the third ranked 
species in the surf fisherman's aeel. Marine Recreattonal 
Fishery Statistics Suney estunates for 1979 through 1989 
ranged between 30,000 and 96,000 fish caught; die eleven year 
average was 55,700. 

Calffomia corbina, Menticirrhus undulatus. 

Status of Biological Knowledge 

Coibina, which grow to at least 28 inches, are found along 
sandy foeaches and shallow bays to depths of 45 feet from Point 
Conception, Calffomia, south to the Gtdf of Calffomia. A 

verified specunen weighing seven pounds, four ounces was 
caught in 1955 at San Onofte. Males mature at an age of two 
yean (10 inches) and females at age three (12 inches). A 20-
inch corijma was eight yean old 

The spawning season is ftom June Uirough September and 
is heaviest in July and August. Spawning apparentiy takes place 
offshore, since running-ripe fish are not often found in die suff 
zone. Eggs are pefegic. Yoimg afoout one inch long have been 
obsened outside Uie suif in four to eight feet of water. 

The dirt of juveniles b small cnisfeceaos. As Uiey gnw, 
Uiey graduaUy progress to dam siphona^trnd then primarily 
sand crabs liy ttw time tlKfjeadi'a length ofabout dght inches. 

Adulb nay be seen feeding in the sint at times in water so shaUow 
their backs are exposed They scoop up mouthftib cf sand and 
sepaiate out the food by pumping sand Uuough die gUl opening 

Tagging studies indicate that movement b Umited and 
that cortiina have no discermfole migratoiy pattems. The great
est distance traveled was 51 miles. 

Status of Population 

Popufetion size, recruitment and mortaUty are unknown; 
howevet given the fairly stafole catch estinates, the popufetion 
appean to foe sustaining itseff under the present level of 
reCTeational hanest 

Malcolm S. Oliphant 
Calffomfe Department of Fbh and Game 
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SPOTFIN AND YELLOWFIN CROAKERS 

History of the Rshery 
Spotfin CToaker (Roncador steamsi) and yeUowfin croaker 

(Umbrina roncador) aie reserved for spon fbhing only. Ui 
1909, it became iUegal to take them wiUi neb and, ih 1915, 
illegal to seU them. The two spedes togedier make up about 10 
percent of the southem CaUfomfe surf fishermen's catch A 
1963 survey estimated that anglen fishing from pien, jetties, 
and Uie shoreUne caught 29,000 spodin and 17,000 yellowfin 
CToaken between Point Conception and the U.S.-Mexico bor
der Some can be caught year-round but late summer is the best 
ti ine for spotfin CToaker fishing Gocxl fishing depends on runs, 
and when "croaker holes" are found aU present can enjoy ihe 
bonanza, whether in a foay, on a pier, or in the surf 
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California commercial passenger-carrying fishing vessel landings 
of yeUowfin croaker, 1947-1969. 

Califomia commercial passenger-carrying fishing vessel landings 
of yeUowfin croaker, 1970-1990. 

Most of the spotfin CToaker catch consisb of smaU- to 
medium-size fish. There is an offshore resene of largerfish that 
rarely is exploited. In a smdy foy the Calffomia Departtnent of 
Fish and Game, several hundred of Uiese offshore fish were 
agged, fout only about one percent of them were subsequently 
caught by surf fishermen. The smaU- and medium-size fish 
agged onshore had a retura of over six percent. The fegging 
program also showed that spotfin croaker move around consid
erably without a discermble pattera Fish agged in Los Angeles 
Hartxir were later taken eff Oceanside. Surf fishermen use 
conventional and spuming gear. Preferred foaib are marine 
woims, clams, and mussels. Their fighting spuit and deUcate 
aste make spotfin croaker a prized cateh 

YeUowfi n CToaker are caught foy the commercial passenger 
fishing vessel (CPFV) fleet as well as from piers, jetties, private 
vessds, and the shoreline Annual CPFV catches of yellowfin 
CToaker have varied widely, ranging ftom just under IOO fish to 
a high of just over 8,000 in 1947. 

Status of Biological Knowledge 

Spotfin croakers range from Point Conception to San 
Juanico Bay in southem Baja Calffomia. while yellovsfin 
CToaken occur from San Francisco southward into the Gulf of 

CaUfomfe. In (Calffomia, these two species are most common 
south of Los Angeles Haifoor They Uve along foeaches, in bays, 
and in shaUow sloughs over foottoms vaiying from coune sand 
to heavy mud at depdis firom four feet to 50 feet 

Spotfm croaker, Roncador stearnsi. 

Spotfin croakers prefer depressions and holes near shore. 
Many "aoaker holes" are well known to surf anglers. Spotfin 
aoaker aggregate in small groups or schtxls of 50 or fewer fish; 
however, schools conaming several hundred fish are occasion
ally encountered 

Spotfin aoakers nay reach a weight of 10 or more pounds. 
A fish weighing 10.5 pourxb was eight or nine yean old while 
one large male 26.5 inches long was at least 15 yean of age. 
Large males are a golden color and commonly are called golden 
aoaker Males fint spawn at two yean of age, when tiiey are 
atxut nine inches long. Most females spawn at three yean and 
average afoout 12.5 inches. AU are mamre at four yean, when 
they measure atxxit 14.5 uiches. Spawning occun from June to 
Septemfoer, prtibafoly offshore, since no ripe fish have foeen 
captured m the surfzone. One-uich juveniles appear m die suif 
zone in the fall. 

Yellowfin croaken are smallet a medium size fish being 
atxiut 16 inches long A 10-inch fish is four yean old while a 
15-inch fish b afoout age 10. A few fish have been caught which 
weighed over five pounds, Ixit most are three pounds oi less. 
Indications are that spawning occun during summer months. 

Status of Population 

Popufetion size, recmitment and extent of fishing pres
sure on these spedes are unknown. Calffomia is on the nonhem 
fringe of the populations, and the stock size has not been 
detennined for eiUier species. From 1947 to 1958, there was a 
downward ttend in CPFV Ian(Ungs of yeUowfin croaker Since 
1958, catches have foeen highly variafole, widi the 4,300 fish 
reported in 1989 foeing the highest since 1947. ModUications of 
die inshore environment including development land filb, and 
dredging have had an adverse effea on the habiats ofbodi spedes. 

Malcolm S. Oliphant 
Califomia Department ofFish and Game 
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WHITE CROAKER 

Histoiy of the Rshiery 

Although not a highly-prized spedes, the white croaker 
(Genyonemus lineatus) b an important constituent of commer
dal and sport fisheries in Calffomia Before 1980, the com
mercial catch ofwhite croaken was primarily by roundhaul nrt 
(mainly lampara), although some were taken by trawl, gill net 
and hook and Une. Since 1980, most white croaken have been 
taken by gill nrt, and some are stiU taken by the other gean. 

California commercial landings ofwhite croaker, 1916-1969. 

Calffomia commercial landings ofwhite croaker, 1970-1991. 

Pre-1980 white croaker landings averaged 658,000 
pounds armually and exceeded one million pounds in several 
years. Peak landings in 1952 (88 percent in southem CaUfor
nia) were probafoly ui response to the total collapse of the 
sardine fishery that year Smce 1980, total lancUngs have 
averaged 1.1 nullion pounds and were above one million 
pouncb in all fout four yean. Before 1980,73 percent ofthe catch 

was Ul soudiem Calffomfe. Since 1980,58 percent of die catch 
has foeen in central CaUfoniia The changes in fishing method
ology and area of greatest landuigs since 1980 are due primarily 
to the entrance of southeast Asian refogees (mainly Vietnam
ese) into Uiis fisheiy. Many of these refiigees who settled in 
CaUfornfe's coastal areas were gUlnet fishennen in tiieir home
lands and sought to earn their living here by that method of 
fishing The undeiutUized white aoaker resource (especiaUy fe 
central Calffomia) and moderate stan-up cosb required for 
giUnetting (small to medium-size boab and modoate gear 
exists) offered many of them an opportunity to enter the com
mercial fishing business. 

Most of the commercial catch is sold in the fresh fish 
narteet although a smaU amount is used for Uve tnit. In the 
past the spedes was sold under the name "kingfbh," and a 
numfoer of markeb stUl use that name. Also, small quantities of 
another aoaker, the queenfish (Seriphuspolitus), are mcluded in 
die conunercial landing records, mosUy for southem CaUfonua 

California commercial passenger-carrying fishing vessel landings 
ofwhite croaker, 1947-1969. 

CaUfomia commercial passenger-carrying fishing vessel landingi 
ofwhite croaker, 1970-1990. 

Federal recreational fbheries statistics estimate Ual about 
two to three million white croaken were taken each year in 
CaUfomfe's sport fisheiy from 1980 Uirough 1986 .At an 
average weight ofabout 0.4 pounds per fish die av erage annual 
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weight ofthe estimated w hite croaker sport catch was about one 
million pounds, nearly ec^uaUng the commerdal catch 

Over 80 percent ofthe sport catch is in southem Calffomia 
Anglen fishing from pien, breakwaten, and private boats 
account for atiout 90 percent of the catch Anglers atxiard 
commerdal passenger fbhing vessels often consider white 
aoaken a nuisance. 

White croaker, Genyonemus lineatus. 

Status of Biological Knowledge 

The while croaker is an abundant neanhore species in 
(Talifomia, usually found near the bottom over sandy substrates. 
They range from Vancouver Island, British Columbia to 
Magdalena Bay, Baja Califomia, fout are not afoundant north of 
Point Reyes, Califomia. They usually swim in loose schools, 
and are found from the surf zoix to depths as great as 600 fed 
and in shallow foays, sloughs, and fegoons. Most of the time, 
Uiey occupy offshore areas at depdis of 10 to IOO feet but 
sometimes are fairly abundant to a depth of 3(X) feet 

White aoaken up to four pounds have foeen reported fout 
Uiose weighing over two pouncb are extremely rare. They live to 
about 12 years and reach a length of up to 16.25 inches. Females 
grow sUghtly faster Uan males. By one year (about 5.5 inches 
for males, 6 uiches for females), over 50 percent ofboth sexes 
are sexually mamre. By three or four yean of age and7.5 mches 
Ul length, all white croaken are mattue. 

In southem Calffomia, white aoaken spawn mainly from 
November through April, -with peak months being Januaiy 
tiirough March. In central Calffomia they spawn all year and 
may have winter and summer spawning peaks (ovaiy weights 
were found to foe highest in Januaiy and Septemfoer and lowest 
in May). Females may spawn ^xxit once eveiy five days and 
about 18 to 24 times each season, depending upon thdr size and 
age. Batches of eggs ranged ftom an estimated 800 eggs in a 6-
inch female to 37,200 ui a 10-inch female The fertUized eggs 
are pelagic and occur where ocean depth ranges from atxiut 25 
to 120 feet The fervae mitially are pelagic and most abundant 
where ocean depth ranges from about 50 to 75 feet As die lanae 
grow, they descend toward the bottom and migrate towards 
shore. Juveniles occur near Ux bottom where ocean depth b afoout 
10 to 20 feet As Uiey mature, Uiey migrate to deeper water. 

The diet ofwhite aoaken indudesavariety of small fishes, 
shrimps, crabs, squid ortopi, dams, worms, and other items, 
living or dead They are preyed upon foy seals, sea lions, halifout 
giant sea bass, bluefm mna, and other fishes. 

White CToaken which live near marine waste cUschaiges 
may concentrate toxic materiab in Jieir bodies at leveb dat are 
considered hazardous for human consumption. These materi
als buUd up in the food chain and accumulate at high leveb m 
precfeton such as the white aoaker Included are pesticides 
(DDT, DDE, rtc), polychlorinated foiphenyls (PCB's), metab 
(zmc, selenium, mercury, rtc), and petroleum pnxlucb. Some 
white CToaken in these areas are diseased and mafformed and 
some develop mmorous growths. Current health guidelines 
advise against human consumpUon of white aoaken from 
scuUiem Calffomfe waten in Sanfe Monica Bay, off Uie Pakis 
\ M e s Peninsula, and die Los Angeles-Long Beach Haibor area. 

Status of Population 

The size of the white croaker population b not knowa 
Howevet inCTeasing catches wiUi greater fishing effort, the 
species' fecundity, and age and size at sexual maturity refetive 
to harvest sizes indicate that the overall popufetion b healthy 
and b sustaining itseff under cunent fishing pressure. 

Paul W. Wild 
Calffomfe Department ofFish and Game 
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SURFPERCHES 

General 

The surfperches, fanuly Emfoiotoddae, are a smaU afoun
dant assemfolage of 23 species found prectominantiy in temper
ate eastem North Pacific waten. Nmrteen of the 20 spedes 
found m CaUfomfe occur in inshore coastal waten. Tuleperch 
(Hysterocarpus traski) occupies freshwater and estuarine habi
a b . Collectively, die nindeen marine spedes are found ui a 
variety of habifeb, including beaches, rocky substrate, intei-
tidal and subddal kelpbeds. A few species uihabit several ofthe 
habifet types. Included in thb group are the bland seaperch 
(Cymatogaster gracilis), pile perch (Rhacochilus vacca), mt>-
foerlip seaperch (Rhacochilus toxotes), stuner perch (Cymato
gaster aggregata), walleye surfperch (Hyperprosopon 
argenteum), and tlic white seaperch (Phanerodon fiircataus). 
The majority of surfixrches occupy only one tv-pe of habiat 
Species most conunonly found along beaches include the 
baned surfjfierch {Amphistichus argenteus), calico surfjxrch 
(.Amphistichus koelzi), redtail surfperch (.Amphistichus 
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rhodoterus), silver smfperch (Hyperprosopon ellipticum), and 
the sfxitfin surfjxrch (Hyperprosopon anale). Black perch 
(Embiotoca jacksoni), dwarf perch (Micrometrus minimus), 
kelp perch (Brachyistius frenatus), rainfoow perch (Hypsurus 
caryi), reef perch (Micrometrus aurora), sharpnose seaperch 
(Phanerodon atripes), and striped seaperch (Embiotoca 
lateralis) tend to foe assodated with rocky sufostrate and kelp 
foeds. The pmk seaperch (Zalembius rosaceus) inhabib deep 
water and is seldom taken in the sport catch 

The surfperch fishery in Calffomfe irxludesboth sport and 
commerdal components. The sport fbheiy is enjoyed by an
glers of aU ages who fish for surfjperch from pien, jetties, sandy 
beaches, and txiats. The recreational catch of surfixrch for 1986 
tofeled 2,538,000 fish, wiUi Uie najority foeing caught m 
northem Calffomia 

Surfperch are easy to catch, which makes them highly 
sought. They can be caught using light gear and a variety of 
baits such as clams, tube worms, or sand crafos. A spinning or 
casting outfit using 10 to 15 pound test monofilament line, and 
a standard two-hook suif leader with size six hooks, is ideal for 
shore foased surfixrch fishing. 

California commercial landings of surfjperches, 1916-1969. 

Califomia commercial landings of surfperches, 1970-1991. 

Annual commerdal fendings of siufixrches have also 
been highly variable. WhUe the market for fresh "perch" fillets 
is relatively small, the total catch for the fishery was 129,749 
pounds in 1989. The Calffomia Department ofFish and Game 
did distinguish between species in their sfetistics until 1987. 
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simply Usting the category as surfperch Currentiy, there is a 
large commercial fishery for various surfperches in rhe south
em part ofthe sate and a moderate fishery focusing on redtaU 
surfperch in northem Calffomia 

Surfixrches can foe identified foy Uieir eUiptical, com
pressed body form and forked tad. Most are marked with foars or 
stripes. They have a continuous dorsal fin with 9-11 spuies and 19-
28 soft rays. The anal fin has Uuee ̂ ines wiUi 15-35 soft rays. 

The dirt of surfjxrches consisb of isopods (e.g., rock lice) 
of aU sizes, and gastropod mollusks (e.g., snaib); variois 
amphipods (e.g., skelrton shrimp), polychaete worms, brittle 
stars, and small cratis, also are included. Surfixrches are 
usuaUy foottom grazers, fout apparentiy wiU feed mid-water 
when compeUton are absent 

Surfixrch reprodurtion is viviparous, Uieir young fodng 
highly developed and free swunming at foirth. Newfoom males 
ofa few species are reproductively mature. 

Much infonnation b fecking on thb group. Although the 
taxonomy has been recenUy refined, lffe history and habifet 
requirements are areas in need of more research 

BARRED SURFPERCH 

History of the Rshery 

The commercial fisheiy for barred surfperch is minor 
compared to the sport fishery. Ib popularity as a sport fish stems 
from abundant numfoen and accessifoUity. In 1986, the southem 
Calffomia sport fisheiy for laned surfixrch reached over 
530,000 fish with 99 percent txing caught from beaches and 
jenies. Simiferiy, 99 percent of northem Calffomia's catch also 
came from shore, but only 178,000 fish were landed. The best 
months for fishing are Decemfoet January, and Feforuary widi 
Uie najority of large individuals txing gravid females. Sand 
crabs are die best bait for barred surffxrch, espedally female 
sand crafos carrying orange colored eggs. Small jigs and spin-
nen also work weU. Although tianed surfixrch are excellent 
sport fish for the Ught tackle angler, they are sometimes 
considered a pest to anglen pursuing other fish such as Califor
nia haUbut or corfoma 

Status of Biotogtoai Knowledge 
Baned surfixrch have eight to 10 rust-colored, inegular 

foan on Uieir sides with spob in between. The foackground color 
is usually silver or white, and the Inck can take on a blue or 
grayish coloration Similar spedes are the calico surfixrch and 
the redtaU surfixrch fout the foarred surfixrch can be distin
guished from the redtaU and calico because it lacks red color
ation in its fins. 

Barred suifixrch are found in smaU schools along sandy 
beaches and near jrtties, piers, and other sources of food and 
cover They range from Bodega Bay in northem Califorma to 
north centtal Baja Calffomfe. WhUe the majonty are found in 
die surfzone, some have been caught in water as deep as 240 
feet. The largest mdividual ever taken was a female tiiat 
weighed 4 5 pounds and was 17 inches in length Most fish arc 
in the one-to two-pound range and are highly pn/cdbv indcrs. 
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Barred surfjperch, Amphistichus argenteus. 

Baned sxufixrch mate during the faU and winter months, 
and young are released during spring and summer Males and 
females both dartcen considerably during courtship, and males 
make "figure-dghb" around females Ixfore mating. A female 
can produce ftom four to 113 young, depencUng on her size. 
Females undergo a five month gesfetion period, and juveniles 
are bom at about 1.75 inches in length. Juvemles are muifemre 
replicas ofthe parenb and are independent at birth. The young 
usually live relatively close to where they were bom 

Status of Population 

The sport fbhery in southem Calffomia has yielded up to 
600,000 pounds of foaned surfixrch (1981), while northem 
California may produce upwards of 250,000 pounds annuaUy, 
but no estimates have been made ofthe size or cunent sfetus of 
the lianed suifixrch populatioa 

CALICO SURFPERCH 

Histoty of the Rshery 

The calico surfixrch is of moderate sport value along the 
Calffomfe coast Due to i b striking similarity and frequent 
misidentffication with the redtail surfixrch, caUco surfixrch, 
until recenUy, tave foeen considered of minor importance in the 
sport catch The caUco fisheiy has historically included fbhing 
from piers, sandy shores, and skiffs 

Status of BiokDgical Knowledge 
The caUco surf{xrch can be identified foy its sUveiy suiface, 

which b covered t ^ olive-green molding and broken foan down 
each side. The calico reaches a lengUi of 12 mches and rarely 
weighs more than one pound 

The range of the calico surfixrch is from north central 
Washington to nonhem Baja Calffomfe. The primaiy hafoiat of 
die calico b sandy foeaches, although they can occasionally be 
found over rocky substtate. The vertical distribution of the 
calico includes depUis from Uie surface down to 30 feet 

Calico surfperch, Amphistichus koelzi. 

Status of Population 
At this time. litUe infonnation is avaUable on the popula

tion sams ofthe caUco surfixrch 

PILE PERCH 

History of the Rshery 
Pile perch sustain a limited commerdal fishery m Del Mar, 

CaUfomia and Papalote Bay, Baja C^alffomia, fout do not contrib
ute substantially to annual commercial landings in the sate. 

They are of interest as a sport fbh Uuoughout the state, but 
are of more importance in the southem pan ofthe sate. Many 
are caught from piers, jetties, foeaches, or skiffs. PUe perch nay 
foe caughtyear-round on any numlxrofpopuferfoaits, induding 
dams, sand shrimps, and worms. 

Status of Biotogical Knowledge 
Pile perch can be identified by the sUveiy sides with a daik 

vertical bar afoout midfoody, and a unique dorsal fin with the fust 
few soft dorsal rays longer than any ofthe othen, giving the fin 
a peaked appearance. They are equipped widi strong, weU 
developed teeth, enabling them to feed on hard shelled mol
lusks, crafos, and other crustaceans. Their spedalized denation 
diffen enough firom rufoberUp surfjxrch to convince some 
ichthyologisb to pfece them in their own genus (Damalichthys). 

Pile perch are found foetween southeastem Alaska and 
northem Baja Calffomia, including Guadalupe Isfend, They 
usuaUy Uve along rocky shores, from the suiface down to 150 
feet and may grow to around 17.5 inches in length 

Fecundity increases with age and size of the females. 
Average fecundity at first reproduction is 11.7 young and 
sometimes exceetb 60 in older females. Adult longevity- of pile 
suifixrch is seven to 10 years. 

Status of Population 
Because accurate landings daa for pUe perch are lacking 

linle can foe concluded about die cunent population stams in 
Califomfe. 
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T 
REDTAIL SURFPERCH 

History of the Rshery 
Redtail surfperch sustain a sport fishery from centtal 

CaUfomia to Vancouver bland British Columfoia. They sup
port a commerdal fishery only in northem Calffomia, espe
dally in die inshore waten ofthe Eureka area These fish are 
taken primarily from sandy foeaches or the mouths of riven and 
streams entering the sea, but also can be caught from jetties and 
piers inside harbors and foays. Humfooldt Bay in northem 
(Talifomia b the primary location ofthe winter redtail commer
dal fishery. Fishing is mostiy from open beaches usmg seine, or 
hook and line. The best catcixs are in March and April when the 
fish are concenttated for spawning Commerdal fishing is 
closed from May 1 to July 15. The armual commercial hanest 
averages about 25,(XX) pounds, with a high catch m 1985 in excess 
of 35,000 pounds and a low calch of 21,200 pounds in 1988. 

Redtail surfperch, Amphistichus rhodoterus. 

Sport fishing for redtails occun in the same areas where 
they are commerdaliy takea They are takenyear round by hook 
and Une, but are usually targeted during the spawnmg season. 
No recent information is available on sport catch 

Status of Biological Knowledge 
Redtail surfjxrch are distingubhed by the nine or ten 

vertical, orange-to-brassy foan alternating at the lateral Une and 
the light red pelvic, anal, and caudal fins. The foody is moder
ately deep and laterally compressed with a Ught green foade and 
silver sides and foelly Adult redtaU average lOto 12 uiches and 
weigh about 1.8 pounds. The largest recorded individual was 
16.5 inches long and weighed 3.7 pounds. Females produce 
eight to 45 young about one year after fertilizatioa sometime 
between May and August 

Redtail surfjxrch are found from Vancouver Island, 
Canada, to Monterey Bay, Califomia, fout the fishery is centered 
north ofthe San Frandsco Bay area 

Status of Population 
There are no estimates ofthe size of die redtail surfixrch 

stocks in Calffomia coastal waters. Based on the consistent 
commerdal hanest it appears protnfolc that Uie population is 
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being adequately maintained. The Eureka area w here about 95 
percent of die commercial redtaU fishery occun, has consis
tently produced between 20,000 and 30,000 pounds annually 

RUBBERLIP SEAPERCH 

History of the Fishery 
The rafoberiip seaperch is one of the many important 

surfixrch sport fish along the Calffomfe coast It is caught along 
jetties and pien, and also taken foy skiff anglers neanhore or in 
kelp Ixcb. There b no current infoimation on sport and com
mercial landings of rafoberiip seaperch 

Status of Biotogtoai Knovvledge 
The ferge, duck Ups of the rubberUp distinguish it from 

other surfixrches. Ib coloration varies from olive- to brassy-
brown on the sides, with otx or two dusky ban on adult fish The 
peaoral fins are yellow to orange, and the pelvic fins are usually 
black. The maximum length of rafoberiip seaperch is 18.5 
inches, making the rafoberiip the largest ofthe surfixrches. 

RubberUp surfpxrch are found ftom Russian Gulch Sate 
Beach (Mendocino County), Calffomfe, to central Baja Califor
nia including Guadalupe Isfend. These fish range from inshore 
waten to depdis of 150 feet 

Although no data have been coUected on age at sexual 
namrity, gravid rafofoeriip surfixrch have foeen caught from 
April lo June. Time of fouth is estimated to foe midsummer 

Status of Population 
No recent estimates have txen made ofthe rafoberiip perch 

population its size is unknown at this time. 

STRIPED SEAPERCH 

History of the Rshery 

Striped seaperch is one ofthe eight to ten species that make 
up the small commercial "perch" fisheiy. However, it is a 
minor component when compared to such species as the baned 
surfixrch Conversely, striped seaperch do comprise a substan
tial portion of the sale's sport fishery. These perch are easily-
taken from pien, jetties, beaches, and skiffs, and are favorites of 
anglers due to their beautifid coloratioa 

Status of Biotogical Knowledge 
Striped seaperch can foe easily identified foy the red blue, 

and yeUow lines which run laterally along the length of the 
body. Maximum length b 15 inches. These fish are sexually 
mamre intixir third year ofUfeand produce about ISyoungper 
female At age sevea the average numfoer of young produced 
per female is 32. The maximum Iffe expectancy for this fish is 
approximately 10 years. 

Striped seaperch are found from southeastem Alaska to 
northern Baja Calfforma 
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Status of Population 

Population estimates of striped seaperch have not been 
made, but recent landing figures incUcate tiat this spedes is able 
to susain an estimated annual sport catch of 123,0(X) pounds. 

WALLEYE SURFPERCH 

History of the Fishery 

The waUeye surfjxrch b an important commerdal species. 
AlUiough generaUy smaU in size, it is found in dense schoob 
that measure up to eight fert aaoss and contain several thou
sand individuals. Such ferge schoob make an easy targrt for 
seines and giUneb. Sport anglen also enjoy fishing for wall
eyes. In 1986, anglen caught 171,000 individuals, weU over 90 
percent Ixing caught from shore, jetties, and pien. WaUeyes 
can foe taken on sand crafos and oUxr inverteforates, as weU as on 
small spinners and jigs. They are exceUent eating. 

WaUeye surfperch, Hyperprosopon argenteum. 

Status of Biotogical Knowledge 
Walleye surfixrch are silver to blubh above, with very faint 

pink bars ttat fede quickly after deaUi. Most notable are the 
ferge eyes and black tipped pelvic fins. Similar species are the 
spotfin surfixrch and the sUver suifixrch. However, the spotfm 
has black spob on ib dorsal and anal fins, while the silver lacks 
any black coloratioa 

Walleye surfixrch are found in large schools along sandy 
beaches, jetties, kelp foeds and other habiats with rich mverte
brate lffe. They range firora Vancouver Island Britbh (Tolum-
bia, to cenual Baja Calffomia, including Guadalupe Island 
They reach a lengtii of 12 inches and are found to depth ctf 60 fert. 

WaUeye surfixich nate from November to December and 
after a five month gesation period give foirth in mid-April. 
Males engage in an aggressive "swcxping" courtship before 
mating. Females, depencUng on size, wiU have five to 12 young 
which are about 1.5 inches at foirth. The young are minfemre 
replicas of the parent and nature the faU or winter following 
thdr birth 

Status of Population 

The recent combined sport and commercfel hanest has 

exceeded 500,000 pounds. However, Uie toal slock size is 
unknown at thb time. 

SURFPERCH: DISCUSSION 

Surfjxrches are imporiant both commerdaliy and as sport 
fish. Most ofthe Calffomfe coastal spedesare taken in the sport 
catch The redtail, pde, andfoarred surfjxrches are Ux most notable 
in the commennal catoh and may be important to local economies. 

Fishing for surfperch in San Francisco Bay. 

Surfixrch hafoitab have foeea and will continue to be, areas 
of conflia. As humans develop the shoreUne, areas inhabited by 
surfixrches may Ixcome polluted or destroyed AlUiough surf
perches may acfept to stmctures such as jetties and pien, it 
should not be assumed that they can continue to adapt to aU Ux 
changes Uat are forced upon them. 

Ronald A. Fritzsche, Glenn Haikleroad PhU D. Lam, 
Soon Kennedy, Tom Cady, David Slama, and MUce Farmer 

Humtxldt State Umversity 
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CALIFORNIA SHEEPHEAD 

History of the Rshery 

Altiiough the commercial catch of Calffomia sheephead 
(Semicossyphus pulcher) dates back to die late 1800's, a 
renewed interest in thb fishery has developed only recentiy It b 
exploited today by sport diven, anglen, and a smaU but 
growing commercial industiy. 

California commercial landings of sheephead, 1970-1991. 

In the late 1800's, Chinese fishermen took large quantities 
of sheephead for drying and salting. However, except for brief 
periods, sheephead was not a targrted spedes until the 1980's. 
In the recently developed fishery, the fish are trapped and taken 
alive to supply Asian seafood resfeuranb. Because smaU fish, 
usuaUy females, are easier to keep alive ui smaU aquaria, 
prereproductive incUviduab are often takea 

The fergest commercial catches of Calffomfe sheephead 
were from 1927-1931, peaking ui 1928 at more Uan 370,000 
pounds. During and shorUy after Worid War II (1943-1947) Uie 
sheephead cateh mcreased ftom about 50,000 pounds to 
267,000 pounds, probably tiecause of their easy av-aifebiUty 
close to port. Since the I940's, fout prior to modera uiterest m 
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Calffomia commercial passenger-carrying fishing vessel landings 
of sheephead, 1970-1990. 

seafood annual landuigs were usually around 10,000 pounds. 
The price during thb period sayed under SO. 10 per pound 
During the 1980's, the price and catch increased wiUi catches 
rivaUng those ofthe 1940's, and the price paidby resaurantsfor 
Uve fish reached as much as $9.00 per pound Tlx catch peaked 
Ul 1987 when the market price dropped to SO. 27 per pound but 
the Uve catch for 1988-1989, less than one seventh as large, had 
almost the same markrt value, the price having increased to 
SI.70 per pound 

The estimated recreational catch of sheephead between 
1983 and 1986 averaged 312,400 pounds, wiUi a maxunum 
estimate of 448,800 pouncb in 1986. Commercial passenger 
carrying vessel data firom 1947-1990incUcate an average takeof 
29,200 fish peryear, widi a maximum of afoout69,000 m 1983. 
Usmg an average weight of two pounds per fish (a low esti
mate), the sport catch, except in the above dted maximum 
periocb, appears to be ec]uivalent to or higher than the commer
dal catch. During the 1930's, sheephead were considered 
"junk fish" by most reCTeational anglen and were not kept 
because of dieir soft flesh However the large size, fine flavor 
and use as a lobster sufostitute in salads and other redpes has 
more recenUy made them a prefened and even targrted spedes 
liy anglen and sport diven. 

CaUfomia commercial passenger-carrying fishing vessd landingi 
ofsheephead, 1947-1969. 
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CaUfomia sheephead, Semicossyphus pulcher. 
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Status of Biological Kriowledge 
The CaUfonua sheephead ranges from Monterey Bay, 

Calffomia, south into the Gtdf of Calffomia in depths to afoout 
280 feet, but is not common north of Point (Conception. It b a 
protogynous hermaphrodite, txginning ib sexual lffe as a 
female with older, larger females developing into secondaiy 
males. Female sexual maturity may occur foetween three and six 
years and fishes may remain female for as long as fifteen 
Timing ofthe transformation to males involves popufetion sex 
ratio as weU as size of avaifefole males and sometimes doesn't 
occur at all. Males have foeen aged at around 50 yean. As 
growth rates are higher and mortaUty lower at the northem end 
of the range, the sexual transformation occun feter there and 
the males are larger. Batch spawning occun foetween July and 
September, and estimates of yoUey oocytes present in the ovaiy 
vaiy from 36,000 to 2%,600 for fish from eight to 15 inches 
long. Larval drift averages about 37 days (range 34-52). The 
sheephead has a foroad cUet with crabs, bamacles, mollusks, 
uichins, polychaetes and even foiyozoa occasionaUy dominant 
There appean to be no evidence of its preference for abalone 
and lobster as dted in earlier literature. 

Status of Population 
There has been no systematic analysb of the sams of 

(Talffomfe sheephead. In smdies at two locaUties, Palos Vardes 
Pouit and King Hartxir breakwater, it was not abundant during 
the cooler water period of die early 1970's, but Uie populauon at 
boUi sites inaeased with die El Nifto of 1977-1978. Since Uxa 
the population at King Harfoor has graduaUy dwindled while the 
Palos Verdes popufetioa coincident with the reestafolbhmeni of 
kelp foecb there, peaked m 1981, and hasn't declmed since. The 
sheephead populauon appean to foe refetiveiy stable, but Uie 
newly-developed fishery for prereproductives suggests that 
monitoring m the fumre would be desirable 

John Stephens 
Ocddental College 
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OPALEYE AND HALFMOON 

History of the Rshery 

Opaleye (Girella nigricans) and haffmoon (Medialuna 
californiensis) are members of the sea chub familv 

(Kyphosidae). Neither species b part ofa designated fishery but 
both appear regularly as incidental cateh in commerdal and 
reaeational fisheries. 
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Califomia commercial passenger-carrying fishing vessel landings 
of halfmoon, 1947-1969. 
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CaUfomia commercial passenger-carrying fishing vessel landings 
of halfmoon, 1970-1990. 

The commercial cateh of opaleye and halfrnoon generally 
has foeen small. During the 40 yean that commerdal catehes of 
haffmoon have foeen recorded die average catch has foeen 
16,724 pounds, wiUi a high of 50,007 in 1956. Recent recorded 
catches have foeen weU below thb meaa The mean cateh of 
opaleye ui 43 recorded yean is 4,748 pounds, wiUi a high of 
23,688 pounds in 1973. Recent catches have foeen afoout aver
age. NeiUxr spedes was recorded in large numfoen in the 
(Talffomfe Department ofFbh and Game's gUl and trammel nrt 
study, although the opaleye was at one time a foycateh of 
neanhore purse sdnen. Recent party txnt landings for opaleye 
are small (less than 600 fbh per year) fout haffmoon are taken in 
afoundance. espedaUy from bland kelp beds. By contrast twUi 
species were abundant in the pier and jetty suney of 1 %5-1966 
and are Ukely an important element of that fbheiy today 

Status of Biotogical Knowledge 
The sea chufos are unportant in southem CaUfomia prima-

nly foecause of their hafoit of heibivorous grazing. These are tlx 
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only fishes that regularly hanest giant kelp and are effective in 
destroying isolated kelp pfenb, such as newly transplanted 
individuals. 

Opaleye. Girella nigricans. 

The opaleye reaches a maximum length ofabout 26 inches 
and weight ofabout 16 pounds, while die halfmoon reaches 19 
inches and five pounds. Both species range from central 
(TaUfomfe to Baja Calffomia WhUe the opaleye is more 
common than the halfiixxin north of Point Concepuoa the 
haffmoon extends its range to die south into the Guff of 
Calffomfe. Opaleye are found to a depUi ofabout 100 fert and 
haffmoon to aimut 130 feet 

Both opaleye and halfinoon browse on algae and take 
asscxiated invertebrates. Lanae of tioth are pelagic and are 
foUowed by a pelagic juvenile schcxiling stage which appean in 
the nearshore environment Larval distributions mirror those of 
the adults fetimdirally, with the larvae primarily distrifouted in 
die siuface neuston. CalCOFI dafe indicate that halfinoon 
lanae are occasionaUy taken weU ofbhore, whUe most opaleye 
fenae are taken within 70 nules ofthe coast Young opaleye 
leave Uib pefegic habitat and enter the intertidal zone when Uiey 
are afoout one inch long They are found in refetiveiy high tidal 
pools preferring warm water (>75' F), and feed largely on 
mvertebrates. As they grow to a length of three to six inches, the 
young leave the tide poob and evenmally form smaU schoob 
which feed m the kelp foecb and on epifiora. 

Young halfinoon stay in the shaUow subtidal and kelp foed 
habiats, rarely entering the iittertdal zone. Juvenile opaleye 
are known to clean parasites fiem other fish spedes onoccasioa 

Status of Population 
The abundance of opaleye and halfinoon, and thdr status 

as incidental catch rather than as taigrted spedes, make it 
unlikely that either the sport or commerdal fisheries will have 
an effert on the populatioa Dafe gathered over the last 17 yean 
mdicate that in the areas studied t»th qxcies are maintaining 
Uiemselves adequately under the present fishing pressures and 
show regular recruittnent 

John Stephens 
Ocddental College 

References 
Norris, KS. 1963. The fimctions of temperature in die ecology of ^ 

percoid fishGi>v/^n<gnoan5(Ayre3)Ecol. MonogiBphs3323-62. 
Ortoa R.D., L.S. Wright and R Hess. 1987. Spot polymotphism in 

Girella nigricans (Perefformes; Kypliosidae>geogiaphic and 
inter-size class variation. Copeia(l)1987:198-203. 

Stevens, E.G., W. Watson, and HG.Moser. 1990. Devdopment and 
distribution of larvae and pdagic juvenUes of three kyphosid 
fishes (Girella nigricans, Medialuna califomiensis and 
Hermosilla arurae) off CaUfomia and Baja CaUfcraia Fish Bull 
U.S. 87:745-768. 

NEARSHORE FISHES: DISCUSSION 

The nearshore fishes discussed in thb section are an 
ecologically diverse group. Included are spedes that are typical 
of coastal reefs, nearshore and offshore sandy bottoms, and 
bays, as weU as species whicfa primarily inhabit the water odunia 
Pacific banaoida, yeUowtail and white seabass are migratoiy 
spedes from dx south that are typical of die water oohimn ctf the 
neanhore zone, aldiough younger white seabass are found over 
sandy foottoms in shallow water. AU three spedes migrate into 
southern C^alifonua duringthe spring and summer mondis, foefore 
retumuig to the coast of B ^ Califomfe for the winter. 

In addition to white seabass, several other species of 
CToaken are characteristic eff sandy or muddy areas of Uw coan. 
These include the white aoaker, which ranges from shore to 
deeper waten, the spotfin croaker and yellowfin CToaker of 
shallow waten offshore of the s u i ^ n e , and the Calffonua 
cortiina of the sur&one. All are most abundant in southern 
Calffomia, fout white croaker b also afouncfent in centtal CaU
fomia In additicxi, several spedes of surfixrch, including Ux 
foaned surfixrch, caUco surfjperch, redtail surfjxrch, and waU
eye surfjxrch, commonly occur on sandy bottoms in or near Ux 
smizornt. RedtaU and caUco surfjxrclKS are most aixuidant in 
northem and central Calffomia, respectivdy, whereas baned 
and waUeye surfjxrches are abundant in southera Calfforma 
Barred sand liass are typtoal of deeper sandy areas c^ Ux 
nearshore coast and ^X3tted sand tnss are abundant in southern 
Calffomfe bays. 

Rocky reefs in southem CaUfoniia provide habitat for 
cafoezon, giant sea foass, kdp tnss, opaleye, halfimooa CaUfor
nia sheephead mbberiip seaperch, and pUe perch. Cafoezon and 
pile perch are also found along reeb of central and northem 
Calffomia, where lingcod kelp greenUng, and striped seaperch 
are unportant memfoen of the reef conununity. Most dt Uiese 
species feed on fish or invertebrates, but opaleye and halfmoon 
are primarily heibivcMous. 

These neanhore species are important in the recreational 
fisheries ofCalffomia. Size and seasonal restrictions lunit Ux 
reCTeational take of some spedes, and anglen are not altowed to 
keep giant sea bass caught off Calffornia 

Commerdal utUization of neanhore qxcies occun prima
rily as a result of inddental catehes in fbheries targeting oUier 
species. Howevet lingcod b important m trawl fisheries ia 
oenual and northern Calffomia Tlw commercial catch ofwhite 
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seabass and giant sea bass b restriaed, and commercial fishing 
for kelp bass, barred sand foass, spotted sand bass, CaUfomfe 
coibina spotfin aoake t and yellowfm croaker is not allowed. 
White aoaker fbheries are restricted in contaminaied areas of 
soulhem Calffomfe. The commerdal fishery for white seafoass 
and yellowtail may disappear when the nearshore gUlnet fish
ery b stopped m 1994. 

Allhough information b frequendy Umited most spedes 
appear to have healthy populations that are able to withstand 
present fishing effort. Kelp bass and baned sand bass popula
tions appear to have increased during the past decade, but giant 
sea bass, yellowtail, and wtiite seabass populations have de
aeased Giantseafoasspopufetionsaresodepressed Uiat fbhing 
b severely restrirted in the U.S. andmay be simUarly restrirted 

in Mexican waten. In(Uvidual lingcod and yellowtail caught in 
reCTeational fisheries are smaUer and younger, suggesting that 
present hanest levels are too high Although popufetions of 
cafoezoa spotted sand foass, spotfm croaka, yellowfin CToaker, 
surfjxrches, and Calffomia sheephead are healtiiy at present 
they may foe affected foy human activities in the neanhore zone. 
As human activities (inclutUng reCTeational fishing effort) 
inaease along the CaUfoniia coast it is expected that the 
numberofspedeswithhealthypopufetionswUldecrease Thus, 
it will foe important to monitor the populations of neanhore 
fishes during the next decade. 

M James AUen 
MBC Applied Enviromnental Sdences 
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AQUACULTURE 

ABALONE 

Remarkafole progress has foeen made in recent years m the 
cultivation of abalone in Calffomia The fledglmg abalone 
aquaculttue industiy that began in the nud-1960's m central 
Calffomfe had by 1990, achieved a significant production 
level. But progress has not come easUy 

Prospective abalone faimen are confronted with a numfoer 
of regulatoiy constrainb in the coastal zone. Suitafole sites are 
refetiveiy scarce and expensive, and the permitting process b 
lengthy, often exceeding a year, and can lx expensive. Despite 
Uiese obstacles, interest in cultivation of abalones remains high, 
prompted in pan by a shaiply decUning commerdal fisheiy, a 
contuiuing hi gh nartert demand for afoalone, and a good price to 
growen for the farmed product. 

CaUfomfe's private sertor principally grows Uuee afoalone 
species: the red (Haliotis rufescens), pink (H. corrugata), and 
green (H. fuigens). The fetter two are waim water spedes and 
are grown at sonx ofthe southem Calffomia hatcheries. The 
red abalone is the mainsfey ofthe industiy and comprises more 
Uien 95 percem of total produetioa Aquaculturisb grow out 
abalone either ui fend-based tanks or else an in-ocean barrel or 
cage culture system. With the latter (culture systems), the 
banels and cages are eidier tethered from a dock or a floating 
raft or, m one instance, cages are positioned directiy on the 
seabed. Abalone in die barrels and cages are harvested at about 
two- to Uuee-inch sheU lengths. Ocean ranchmg of abalone on 
state leased seabeds, exclusive of containment stmctures, has 
been tested but has not yrt proven feasifole. 

hi 1991, diere were 15 registered afoalone aquaculttirisb in 
Calffomia However, only three companies are at fidl prcxhic-
tion; another three companies are in a pUot-pnxhxtion phase 
and undergoing expansion, while the remaining nine compa
nies are in various pUot or experimental phases. 

In a typical hatcheiy operatioa forood stock abalones are 
induced to spawn usmg hydrogen peroxide. The swimming 
fenae are reared for atiout one week, wtwreupon Uiey are 
ttansferred to fiberglass nurseiy tanks, metamoiphose and 
foecome foenthonic, feeding oa single-ceUed algae (chiefly dia
toms). After five to six months, wtwn the juvemle abalone are 
about 3/8-inch long, Uiey are transferred to plastic mesh bas
kets. The abalones remain in these baskets for another Uuee to 
four months, foraging on giant kelp. They are then transfened 
to conaete grow-out tanks and continue to tx nurtured on giant 
kelp. Growing in these tanks for 20 months or longer, Uiey 
attain three- to four-mch sheU lengths and are then ready for 
hanest Econonucs and markrt demand sttongly influence 
hanest size. The export market prefen the four-inch live 
abalone. The two- to three-mch product b typically processed 
for Uie domestic market The Uiree-inch abalone yields a steak 
ofabout one ounce. 

Satewide production of farmed abalone b somewhat 
diffiaUt to estimate; foased on infonnation provided foy the two 

largest growen, it was afoout 150,000 pounds in 1990 and is 
estimated at 175,000 pounds for 1991. The 1990 aquaculture 
hanest was almost 30 percent of commercial fishery landings. 

Abakine nunery tanks at lhe Ab Lab, Port Hueneme. 

Research 

Although a considerafole amount of research on abalone 
aquaculture has been done by the private sector, paiticulaity 
from a technological standpoint university and Department of 
Fish and Game sdentbb have made major contributions. The 
(Talffomfe Sea Grant program has supported abalone aquacul
mre research suice 1971. Sea Grant-fimded investigations have 
greatiy uiaeased our undentandmg of afoalone developmental 
foiology. Also, a spawning induction prexedure and lanal 
setUement inducer technique were developed foy researchers 
fimded through thb program. 

The Department foegan abalone culture mvestigations ui 
1971 at ib Granite Canyon Laboratoiy near Monterey Depart
ment biologisb, working closely with mdustiy, focused on tix 
biotechnology of abalone cultivatioa Noteworthy was the 
development ofa through-flowuig fenal rearing system and Ux 
development ofa flush-fdl tank sy stem that has been adopted by 
die mdustiy. In 1978, the Depanment constmaed a pilot-
pioduction abalone hatcheiy at Granite Canyon. The puipose 
was three-fold: 1) to train scientisb and othen ui abalone 
cultivation pnxediues; 2) to grow seed abalone for a fishery 
restoration program; and 3) to dbsemiiate information. In 
1987, die Departtnent began to phase out the afoalone aquacul
mre program at Granite Canyoa and foy the end of 1990. Ux 
program was terminated 

Future Prospects 

Coastal land sites suiafole for abalone aqiaculnuc are 
bcconung limited and expensive to ofotain and develop The 
dccliningcommercial fisheiy nay make ocean ranchinga more 
aiuactive option. Ocean ranching may yrt prove feasible bu 
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wiU require considerable research Also, given the expanding 
sea otter population in Calffomia, and die otter's knowr 
predacious tabib on afoalone, some type of exclusion con
tainment stmcture would foe required Such stmrtures may 
prove cost-prohifoitive. 

Harvesting red abalone at the Abalone Farm at Cayucos, near 
Morro Bay. 

Afoalone culmrists depend upon gfent kelp as the principal 
food for alialones. Giant kelp Ixeb are extensive along the 
central and southem Calffomia coastal regions and offshore 
bfends. The supply could be Umiting, on a short-term basis, 
during an El Niiio event Some progress has foeen made on the 
development of artifidal diets for abalone. Presently, some 
hateheries employ an artfficial diet for juvenile sages, fout 
prindpaUy as a supplement to natural algal foo(b. Research is 
Ul progress on the development of an artfficial afoalone diet for 
feter growth stages, in order to reduce the dependency on giant 
kelp. Afoalone aquaculture wiU continue to expand in Calffor
nia, in spite of the various constraints, until, or unless, the 
commerdal fishery recoven. 

Hart E. Efoert 
Califorrua Department of Fbh and Game 

References 

Ebert EE. and J.L. Houk. 1984. ElemenU and innovations in die 
cultivation of red abalone Haliotis rufescens. Aquaculture 
39:375-392. 

Ebert EE. In press. Abalone aquaculture: A north American regional 
review. In Proceedings ofthe first international symposium on 
abalone biology, fisheries and culture. La Paz, B.C.S., Mexico, 
November 21-25,1989.-

Hahn, KO. (editor). 1989. Handbook of culture of abalone and other 
marine gastropods. CRC Press, Inc., Boca Raton, FL. 

leighton, D.L. 1989. Abalone (genus Haliotis) mariculture on the 
North American Pacffic coast. Fish. BuU.. U.S. 87689-702. 

Morse, D.E., H. Duncan, N. Hooker, and A. Morse. 1977. Hydrogen 
peroxide induces spawning in molluscs, with aaivation of 
prosalandin endoperoxide synthetase: Science 196:298-300. 

MUSSELS 

Mussels of the genus Mylilus have fluctuated m impor
tance Ul Califomfe as commerdal and sport shellfish for food 

and bait since the early 1900's. E-xperiments ui culturing wild 
seed stock and ui developing hatchery and grow-out metiiods ui 
the 1980's have increased the economic potential of mussels, 
particularlyA^/;7ujga//o;7rovmc;fl//j(theMediterranean mus
sel), which occurs primarily in southem and central Calffomia 
The Pacific Northwest mussel Mylilus trossulus, and hybrids of 
M. galloprovincialis and M. trossulus have txen fcxmd in 
central and nonhem Calffomfe. In the past these mussels were 
Uiought to be one species, Mytilus edulis, on the west coast but 
recent stucUes have shown that CaUfoniia "liay" musseb are 
genetically distinrt fromAf. edulis found on the east coast of the 
United States, C^anada, and oUxr parb of Uw wortd 

The sea mussel, Mytilus califomianus, b of minor eco
nomic importance in CaUfomia at present though it b taken foy 
sport hanesten and ib landings are uiaeasing as a food and 
bait shelffish WUd harvested sea musseb are highly esteemed 
tiy gourmd chejb m Oregon and may have a fiiture in Calffonua 

Between 1916 and 1927, over 470,000 pounds of mussels, 
ranging from 9,000 to 69,000 pounds per year, were landed in 
Calffomfe After 1927, most areas were closed to hanest foy the 
Calffomfe Department of Health Services due to a major 
outbreak Uat year of paralytic sheUfish poisoning. Mussel 
landings declmed to l,610poundsm 1928and sayed depressed 
until 1972, when a record 111,000 pounds were landed primarily 
for foait. Bait sales continued to foe the most sigruficant com
mercial activity for Calffomfe mussds until improved methocb 
of hanesting wUd stcx^ were developed rxw culmre methcxb 
were adopted and west coast maikets began developing for thb 
tasty shellfish in Uie early 1980's. 

Divers harvesting musseb from overshore platforms for Ecomar. 

Research on tiarvesting wild-srt Mediterranean musseb 
from offshore oU-prcxIuction plafforms for food was initfeted ui 
die Sanfe Bartiara Channel in 1979. Fouling organisms were 
routinely removed by diven from Uie submerged legs and 
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support stmctures of the offshore plafforms, at considerable 
expense to oil companies. An ecological consulting firm, hired 
to suggest ways to conttol the biofouling, found that various 
stages ofthe succession of organisms included settiement and 
growth of ecUble mussels, foolh M. galloprovincialis and M. 
califomianus. Recognizing the potential for food production 
and inaeasing market demand for high quality shelffish the 
ownen ofthe firm conttacted with various offshore oil compa
nies to test the feasibUity of harvesting and maiketing Ux musseb. 

Growing from the surface to 50 fert deep, MecUtenanean 
mussels typically reach maikrt size (2.5 to 6 inches) in nine 
months to two yean on the offshore platforms. Usmg long 
handled scrapers and a venturi air-lift device, diven hanest 
clumps of mussels from the platfonn legs and lift them to the 
surface using large suction hoses. Mussel hanesting and mar
keting is generally a 10-month operation in the Sana Bartiara 
Channel wilh a two-month period of low production during the 
spring spawning seasoa 

In 1985, approximately 104,000 pouncb of mussels were 
hanested primarily from offshore platforms, but by then a 
company in Tomales Bay also had begun to utiUze European 
longline methcxb to grow a high quaUty mussel. Over the next 
seven yean, Uiree to five other Tomales Bay oyster growen 
cUvenffied into mussel production. These growers utilized 
wild-caught and hatchery reared seed with the latter being 
relied upon more, as ratural recruitment often proved to be 
erratic and unrelfeble. 

The toal sfete mussel production tripled in 1986, reaching 
more than 334,000 pounds, widi over 90% hanested from 
platforms in the Santa Baifoara Channel and the remainder 
from Tomales Bay. Statewide production dropped sUghtiy in 
1987 to approximately 286,000 pounds and deCTeased fiirther 
in 1988 to 151,000 pouncb, due to major winter stonns which 
dislodged market-ready musseb from pfetform stnictures. Pro
duaion jumped to over 300,000 pounds in 1989, fout dropped to 
130,(X)0 pounds in 1990 when a San Diego firm ceased produc
tion. The musseb hanested between 1986 and 1990 provided a 
remm of $1.17 mUUon to Calffomfe growen. The price per 
pound has increased from $.80/pound in 1985 to S1.40/pound 
to wholesale distributors for large lob and $2.00/pound to 
restauranbin 1991. 

CaUfomfe growen feoe stiff̂  competition from musseb 
imported from Maine, Canada, New Zealand and >\^shington 
state, due to the advent of low cost air transport of fresh shellfish 
and individual flash freezingmethcxb. Competing on the world 
narket is a chaUenge to CaUfomfe producers, because of 
massive production of mussels from China, Korea, New 
Zealand Australia, and other Pacific Rim countries. Expansion 
ofthe industiy is highly dependent on the maintenance of clean 
glowing areas, a supportive regulatory environment aggres
sive marketing, and a dependable source of seed 

Until 1986, aU musseb grown commerciaUy ui Calffomia 
were srt or colleaed as wild or natural seed In 1985, a 
coofxrative effort mvolving a northern Calffomfe shellfish 
nurserymaa an Oregon hatehery operation, and a Univenity of 
Califomfe researcher was initiated to prcxluce die first commer
dal quantities of hatchery-reared mussel seed on the west coast 
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Approximately 20 sheUfish growers ui Calffomia Oregoa and 
Washington participated m field grow-out trials usmg various 
mussel seed stcxks and sizes. Growen utUized a variety of 
substtates and set the spat at different densities. A wide range of 
results, from zero survival to exceUent survival and growth, 
were reported. The methcxb for growing out seed have evoKed 
and nattued in Tomales Bay, but have not as yet foeen proven 
on a commerdal scale m south-central and souUiem Calffomia 
Growen are optimbtic, however, and experimenb continue 

Cunentiy, die five growen in Tomales Bay often purchase 

larger (0.5-1.0 inch) seed which can be grown to maiket size in 
six to nine montiis. Predatton by scoter d i i ^ oa^BBKg^ totx a 

mussel operations, ' 1 ^ . =-• 

Status of Biok)gical Knowledge" 

Genetic smcUes utilizing prcHein electrophoresis in tix late 
1980 's showed that there were two distind forms of ec/u/u-Uke 
mussds on the west coast which are moiphometricaUy similar. 
One ofthese forms is electrophoreticaUy indistinguishable from 
M. galloprovincialis, the MeeUterranean mussel, which is 
known to have recentiy colonized many disparate shores 
around the worid The other form is also cUslinrt from tix 
AtfenticA/ e(A///j and was designated M rroiJi/Zuj, the Pacffic 
Northwest mussel. It was found to occur from Alaska to central 
CaUfomfe. The galloprovincialis and trossulus foims occui 
together and are reported to hybridize with one anoUiei. In 
southem Calffomia, only M. galloprovincialis has been docu
mented though more detaUed stucUes are being conduaed to 
fiirthei defme the taxononuc status and geographic range of 
these musseb and other pan-Padfic mytilid species. 

The hybridization and geographic range issues regarding 
M. trossulus in centtal and northem Calffomfe confound the 
interpreation of earlier Ufe history stucUes of musseb taxo-
nomicaUy cfessffied as M. edulis, but regardless ofthe taxo
nomic issue, all mussels share many common foiological traib 
as they are aU memben of die bivalve class Pelecypoda (hatchet 
feet). Mussels have separate sexes, though some 
hemaphrodism occun. There b evidence that changes ui water 
temperatures, physical stimufetion (such as disturbance by 
winter storms), variation m Ught levels, or ph>toplankion 
blooms may contribute to spawning 

Spawning in M. califomianus occun throughout the year 
at a very low level, with peaks reported in July and December 
The spawning and recruitment of M. galloprovincialis also 
occun year round altitough it b heaviest m Februaty, March, 
and April and again in Septemfoer and Odofoer m soudiem 
CaUfonua Musseb reaching 1.6inchesuilengtharefouiidtohave 
gonacb in various sages of development and are able to spawa 

When spawning occun in tlw natural environment eggs 
and sperm are discharged Uuough Ux excunent chamba and 
fertilization takes place in the open ocean or estuary. WiUun 24 
hours, the embryo develops into a free-swimming utxhophore 
fenae which grows uito a more advanced veliger stage witiiin 
24 houn. The development of Uie dUated velum (approxi
mately 48 houn after fertiUzation) gives the fenae more conttd 
in swimming and in gathering food The veliger b also known 

* 
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as Ux "straight-hinge" sUge, denoting die appearance ofthe 
fint shell. In two to three weeks, veligentxgin meamorphosis, 
a stage preceded foy the development of an eyespot (a photo
sensitive organ) and a foot Thb is the pediveliger stage, during 
which Uie veliger changes from a swimming larvae to a bottom 
dwelling juvemle mussel or spat (seed). 

Newly settled mussels atfech to substrates with proteina-
ceous threads (byssus or byssal threads) which are secreted by 
die postiarvae. Young mussds have the unique afoility to deach 
Uieir byssus, crawl to a different locatioa or drift away in a 
cunent to seek a more favorafole sufostrate, and leatach. Thb 
trait is considered to foe a significant profolem for growen, as 
postfenae have disappeared from various sufostrates soon after 
placement in open water. 

Growth rates of Ixith spedes of sea mussels in southem 
Califomfe have been reportrti to be at least 0.25 inch per month 
and as high as 0.5 inch per monUi in Uie Sanfe Baifoara 
Channd. Growth rate was influenced primarily by the quantity 
and quality of fo(xi, rather than temperamre, and musseb 
achieved a two-inch shell length in sbc to eight months. 

Food consumed by mussels includes dinoflagellates, or
ganic partides, small diatoms, zoospores, protozoans, unicellu
lar algae, baaeria, and detritus. Phytoplankton is considered to 
foe the main food item providing energy for rapid growth. 

Comprtition for space b an important factor influendng 
growth and survival of mussels, footh in wild and cultured 
popufetions. Mytilieb ofthe same and different spedes compete 
for limited space in the rocky intertidal and subtidal growing 
areas. Cultured mussels on artifidal substtates also cain become 
overaowded if seed stocking densities are too high. Crowding 
causes insability of mussel masses and when coupled with 
high cmrent speeeb, turfoulence, and drifting materials, losses 
frequently occur Bamacles and sea anemones also compete for 
space widi mussels. 

Predators of Califomia mussel species are abundant. They 
include two sea stars, five spedes of muridd gastropods, and 
Uiree CTabs. Scoter ducks, die folack oyster catchet and the sea 
otter are also imporant predaton in coastal waten. 

Status of Populations 

The population size of wild musseb can vary extensively 
from season to season and year to year in refetion to natural 
faaors such as weather paOerns, food availability, precfetion 
tidal exposure, and competition for space. Pollution is a signffi
cant determinant in die health of mussel populations, espedally 
to growen considering a new site for mussel culnue. Clean 
growing waters are essential for health of musseb and for 
humans consuming Uiem. Consequentiy, mussels are excellent 
foioindicaton of water quality. 

John B. Richards 
University ofCalffomia, Santa Barfoara 

Sea Grant Extension Program 

(Jeorge A. Trevclyan 
Abalone Farms. Inc 
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OYSTERS 

History of the Rshery 

CaUfomfe's oyster fishery and oyster aquaculmre industiy 
have hada rich and colorfid ttadition. The fbhery txgan in the 
I850's, when Eastem immigrants with an apprtite for oysten 
were attraaed to Calffomfe by the prospect of gold and new 
opportunities. Inaeases in population and narkrt pressure for 
oysten had immediate impart on the state's shellfish resources. 
The only avaifefole oyster was the native oyster (Ostrea lurida), 
which was intensively fished causing a rapid decline m the 
namral populatioa In response, native oysten were transported 
from Shoalwater Bay, Oregon (Wilfepa Bay) and feter from 
other foays in the Pacffic Northwest and Mexico, representing 
die initial attempb at oyster culttue on Uic West Coast Oysten 
were transpfented into San Frandsco Bay, where they were 
mainained on oyster foecb and then markded Uiroughout 
central (Talffomia The Shoalwater Bay trade of Olympic 
oysters dominated the Califomia maikrt from 1850 ttuough 
1869. Markrt demand for a ferger, hatf-shdl produrt stimulated 
experimenb in fransporting the Eastem oyster (Crassostrea 
virginica) from the Atfenlic stales to the West Coast Several 
failed attempb were made to esafolish transport ofthe Eastem 
oyster to Calffomia foy sailing ships. SuccessfiU transport of 
oysters was achieved only after the completion of the transcon
tinental raUroad. Shipmenb of markrt-sized oysters were ttans-
ported foy rail in foands of sawdust and ice and transplanted inlo 
San Francisco Bay. Cool summer water temperamres, however, 
prevented successfiil natural reproduction ofthe eastem oyster 

In 1875, transcontinental ttade forEastem oyster seed was 
esfefolished Small one- inch seed was tiransplanted for fiuther 
growth in San Frandsco Bay The Shoalwater Bay trade for 
OI>Tnpicoysten wasgraduallyterminatedand, from 1872 untU 
Uie early 190()'s, CaUfomfe's San Frandsco Bay Eastem oyster 
indusuy was Uie fergest oyster iridustry on die West Coast 
Sfe.ximum produdion was reached in 1899 wiUi an estimated 
2 5 million pounds of oyster meat prcxluced 
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Wldl Calffomfe's popufetion and industrial growth came a 
degradation of water quaUty in San Frandsco Bay By 1908, 
Eastem oyster production feU foy 50 percent By 1921, the 
quality of oyster meats produced declined to the extent that 
shipments of seed from the East Coast were tenninated and foy 
1939 the last ofthe San Francisco oysters were commerdaliy 
hanested. Oysters were stUl transported and held m Tomales 
Bay until Uiey could foe maikrted in San Francisco, fout the 
industiy tiased on the Eastem oyster did not recover. Ttx 
inchistiy and state foegan re-examining earUer experimental 
plantings with the Pacific oyster (Crassostrea gigas). In 1929, 
die (ZaUfomia Department of Fish and Game (CDFG) and 
commerdal entities made experimental plantings m Tomales 
Bay and EUchora Slough. In the 1930's, experimental plantings 
continued in a numfoer of bays, including Drakes Estero, 
Bodega Lagoon, and Morro, Newport and San Francisoo Bays. 
Humboldt Bay was excluded fiom plantings, as the CDFG was 
trying to re-esfeblbh natural popufetions of native oysten. 
Several Padfie oyster pfentinp proved successfid, demonstrat
ing that imported Pacffic oyster seed could be grown commer
daliy in Calffomia Shipments of seed ftom Japan were made 
through the 1930's, were suspended from 1940 through 1946, 
and inaeased significantiy in 1947. The seed was inspected m 
Japan by CDFG personnel who were looking for organbms 
considered harmfid ff uittoduced uito state waten. Boxes 
containing cultch with spat were shipped foy fooat and the 
mdustiy foegan ib recovery on the West Coast. The CDFG Ufted 
its restriaion on Pacffic oyster seed in Humbolch Bay in 1953, 
and in the ne.xt thirty yean the CaUforaia uidustry showed rapid 
growth. Production was centered in Humboldt Bay, Drakes 
Estero, Tomales Bay, EUchora Slough, and Mono Bay. 

In the early 1980's, the oyster uidustry initiated other 
signfficant changes. These included the developnxnt of U.S.-
foased sheUfish hatcheries and die afoUity to ship advanced 
oyster lanae for setting on cultch in heated tanks at remote 
growout locations. CunenUy, over 98 percent of the oysten 
grown in Calffomfe are produced from hatcheries in Washing
ton and Oregon and from several smaUer spedalty hatcheries 
located within the sate. Oyster fenae shipped tiy miUions are 
set on moUier shell (cultch), or as cultehless seed where the 
lanae is set on a Icxise sufostrate such as sand or crashed shell. 
The fetter, a Calffomfe product results in oysten grown as 
individuals instead of chisten attached to a moUier shell. The 
hatcheiy systems also produce new spedes of Pacific oysten 
including the Miyagi and to a lesser extent the Kumamoto. 
Other minor spedes produced by hatcheries over the yean 
include the European oyster (Ostrea edulis) and the Eastem 
oyster The ability to ship oyster larvae long distance and srt the 
spat at the growout areas has significantly reduced the cost of 
seed. Aldiough die industty as a whole uses domestic seed 
small shipmenb of Japanese seed are periodically imported to 
maintain Uiese trade channeb as insurance against problems in 
Uie domestic hatcheiy systems. 

The production activity wiUiin the various foays has varied 
Uiroughout the years, primarily based on water quaUty, site 
selectioa and the finandal viabUity ofthe oyster operations. 
Glowing areas are leased from the state through the Fish & 

Game Commission, Hartxir Distrias, and Navigation Districts 
Cunent prochirtion is primarily in Humfooldf Bay, Drakes 
Estero, and Tomales Bay The uichistry b testing the feasifoiUty 
of offshore culture in the Sanfe Baifoara Channel and culture ui 
San Diego Bay. Tomales and Morro Bays have experienced 
reduced production in the past ten yean; however, Tomales Bay 
is currentiy experiencing a resurgence of production by new 
growen usmg cultehless seed and targeting the haff-sheU 
markeb. At present afoout 90 percent of the sfete's oyster 
production b in Humboldt Bay and Drakes Estero. A variety of 
oystCT culmre meUiods are foeing used; each depends upon the 
physical characteristics of the production bay and the need to 
protedtheyoiingatTjogere from predators such as batxsys^adk^ 
crabs, and drilb (snaUs). Culttue methods are influenced by .. 
fedon such as sutisoate type, ament vekidly, tklal range, and ' " 
phytoplankton produrtivity. Calffornia ciysten are grown frotn 
spat to market size m 13 to 18 monUis, dependi ng on the foay and 
the inethod of culture used 

Examining a container of cultehless oyster seed. 

Disease has not foeen a major factor in the oyster industry 
since the 1960's, when major die-ofis ofPacffic oysten were 
attrifouted to an unidenttfied syndrome called "summei mortali
ty." Some producen attrifoute recent avoidance to hanesting the 
oysten at a smaller, younger age. Pathologists have identified a 
"summer mortaUty syndrome" that can cause mortalities unda 
certain conditions, fout large mortaUties have not foeen attributed 
to this disease, and the cause ofthe original disease has never 
been identified West Coast producen have not experienced the 
cyclic, catasttophic haplosporidian diseases da t have occuned 
with the Eastera oyster, even though extensive transplants of 
die oyster have foeen made. Culmre of European oy-sten has 
declmed in recent yean txcause ofthe uittoduction oiBonamia, 
a disease organbm Uat has caused significant mortaUties 
among pre-market stocks. Many producen have switched to 
v-arirties of Uic Pacific oyster 

The primaiy ctUture tectinique used in Humboklt Bay is 
bonom culture. In foottom culmre, cultch wiUi atached spat are 
spread over selected areas in the foay, the oysten grown to a size 

AQUACULTURE 184 SMB-26920 



ofabout four inches, and hanested by hydraulic dredge. Some 
off-bottom technic{ues are used including bags of oysten sup
ported by low racks and oyster bags attached to longUnes. 

Drakes Estero has one of die fergest off-bottom, rack 
culture systems in the countiy. Off-bottom culttire is used 
primarUy lo avoid precfeton, use more ofthe water column, and 
avoid silfetion. The system of rack culture uses mother shelb 
containing spat that are stttmg on lines. Each moUier shell b 
separated by a mbe spacer and die Unes secured to hang over the 
raUs of racks set in the foay. Another method stake culture, 
consisb of three mother sheUs separated by spacen and 
Uireaded on a solid stake Uat b driven into the sufostrate. This b 
used in selected shaUow areas within the foay 

ir^' i 

Hanging seed oysten from racks at Drake's Estero. 

Tomales Bay growen use a variety of off-bottom tech
niques, including rack-and-bag, stake culmre, and foag and 
longline. Rack-and-lng culture uses cultehless seed that b fust 
grown in trays, then transfened to mesh bags that are positioned 
on low racks placed in the foay. Bag and longlme culture use 
cultehless seed in mesh bags Uat are attached to an anchored 
line which suspends the foags in the water or secures the bags on 
a stafole, hard foottom, intertidal area 

Production in Morro Bay has decUned tu t techniques have 
included foottont rack-and-tng, and stake culture. Producen in 
the Sana Bartnra Channel have used a system eff longUnes wi th 
atfeched bags of European oysten suspended from ofishore 
rafb in the deep waten. San Diego Bay producen have used 
rack-and-bag culture for oysters, but are ciurenUy moving 
toward the culture of mussds. 

Total annual oyster prtxluction for the state was about 1.5 
million pounds of shucked meat in 1989 and is experted to 
inaease. The produd is marketed as shucked meat in gallons 
and lO-ozjars, and as sheUstock forthe haff-sheU and bartxcxK 
maikeb. The shucked prochirt b markrted as smaU (200/ 
gaUon), medium (140/gaUon), and ferge (100/gaUon). Shell-
stock is markrted as smaU (2.5-3.5 inches), medium (3.5-4.5 
inches), large (4.5-«- inches), and clusten (attached mixed). 
The demand for oyster producb far exceecb the state's produc
tion level, and the majority of shellfish producb consumed in 
Uie state are imported from the Pacffic northwest and the 

Atiantic and Guff sates. The Calffomfe produrt is considered 
primr, and the production areas are among Ux txst Ul the countty. 

The Calffomia Department of Health Services has regula
toiy authority over produrt safety and conducts programs Uat 
determine growing area sanitation conditions. Two essential 
programs are the monitoring of the bays for indications of 
contammation by huinan sewage and for die occurrence of 
nahiral biotoxins such as paralytic shelUbh poison produced by 
toxic phytoplankton. The programs provide a safe produd for 
die consumer and an earty waming system for people spon-
hanesting shellfbh in noncommercial areas. Ttw water and 
meat quaUty monitoring programs also provide an assessment 
ofthe biological condition ofthe nattiral resource in Ux hope of 
preventing a repetition of evenb that led to Uw contamination of 
San Francisco Bay. The sfete looks on the oyster industry as a 
wise investment in Uw natural resource, a valuafole renewafole 
resource, and a guardian of water ({uality. 

Status of Biotogical Knowledge 

Oysten are bivalve moUusks that exhifoit a variety of sizes, 
shapes, sheU textures and colors, and vaiy in Uieu mode of 
reproduction and sexual expression These foiological and 
physical features influence such aspects as where they grow and 
how they reproduce, which in tum influence commerdal 
asperts such as culture practices and markrting strategy. IncU
vidual oysten conform to the shape of the sufostrate to which 
they are atfeched and are therefore highly varfefole in shape. 
Sliape b also infliwncedby other oysten or sufostrates pressing 
on tlwir shelb. Shell shape, texture, and color are aU influenced 
tiy the oyster's genetics and physical environment such as 
saUnity, attachment substrate, and food They feed on phyto
plankton and nutrient-bearing detritus by pumping water over 
thdr giUs, which fdter Uw food inaterial and pass it uito the 
oyster's mouth 

All ciysten have typical moUuscan ttochophore larvae Uat 
develop into a veUger larval form capable of filtering food 
swimming, and selecting a suitable sutistrate for attachment 
The miaoscopic veUger setUes, cemenb ib left valve to the 
substrate, and undergoes metamorphosis into an oyster spat 
For die rest of ib Iffe the attached spat will comprte for space 
and nutrients and if it survives, wiU grow into the adult form. 
The four oysten now found in Calffomia aU belong to die same 
family. They represent two groups characterized by foiological 
variations, induding different modes of sexual expressioa 
reproductioa and dispersal of young. The exart temperattue at 
which die ciysten wiU spawn and die rate of lan'al developnxnt 
and growth depend on a variety of facton, including the 
genetics of the spedes and variety and the fetitude of the 
foreeding popufetion. Natural spawning b also influenced foy 
lunar periodidty and tides. 

The native and European oysteis are rhythmical consecu
tive hermaphrodites; ttwy can change sex either annuaUy or 
wiUun a closer intenal. In their first year they are strongly 
protandric; ttx first expression of sex at maturity is male. They 
may foecome female in the same year or in the following year ff 
die environmental conditions are good and food is plentiftil. 
They- are also laniparous (brooden); fertilization of eggs b 
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uitemal and the larvae are held a periexl Ixfore release. Mature, 
egg-canying females spawn at atxiut 59-63° F. The eggs are 
released into the female's own mantle cavity and are fertilized 
as she takes in water containing the male's sperm When the 
eggs hatch, the veUger fervae are held tiy the giU-folades and 
mculnte for about 10 cfeys before release. Once expelled the 
advanced lanae swim freely and feed on phytoplankton for an 
additional period foefore setUement and metamorphosis (native, 
14-18 days; Europeaa 10-14 days). 

The Pacific and Eastem ciysten are alternative hemaphro-
dites; sdc change occun, fout ib timing is erratic. They have a 
tendency for protandiy in their first year, but the tendency b not 
as sttong as that of native and Eastera ciysten. They are 
oviparous (foroackast spawnen); the eggs are immedfetely 
released and fertUization takes place in the environment 
Mamre, egg-canying femaleis spawn at atxxit 63-77° F, depend
ing on the species, variety, and fetitude. These oysten require 
higher water temperamres to esfefolish a nattuai popufetion 
than are consistently found in CaUfornia Smce spawning and 
successfid reproduction rarely take pfece in Calffomia, the 
oysten are spawned and reared m shellfish hatcheries at alwut 
77° F. The eggs hatch into free-swimming trcxhophores, then 
veUger larvae; and within Uiree to five days Uxse settie, atach 
to a sufostrate, and metamoiphose to the spat 

The native ciyster is Calffomia's only indigenous oyster 
species, and occun along the Pacific Coast from SiUca, Alaska 
to Cape San Lucas, Baja Calffomia The fergest concentrations 
occur in the Pacific Northwest along the coast of Washington's 
Puget Sound and m WUIapa Bay Although still grown 
commerdaUy in Washington in spedally constmrted beds, 
namral concentrations are not abundant enough to suppon 
commerdal endeavon. In CaUfomia populations ofthe native 
oyster are still relatively low and it is a proterted species. The 
adult is about two to three mches in length and more often 
irregular in shape. SheU texttues vaiy from smooth to rough 
wiUi concenuic growth lines; and the exterior has purple-brown 
to brown axial bands. The two sheU valves are symmetrical; 
Uieir Ulterior b colored as shades of olive-green or with a 
metallic sheen The adult intemal shell's muscle scar b usually 
centrally located and unpigmented 

The native oyster b found in many ofthe state's coastal 
inlets, especiaUy mud flab and gravd ban located near the 
mouth of small riven and^^streams. It cannot withstand high 
temperatures nor frost wfaen exposed and does not survive low 
salinity or tuifoid water conditions. In bays the natural beds are 
invariafoly located in die subtidal zone, where the oyster is foener 
protected from fooUi prolonged hot summer siufece water 
temperatures and extreme cold winter water conditions. They 
are often found cUnging to rocky outcroppings or other stmc
mres that offer protertion from rays and other precfetoiy fish 

Adult European ciysten are about Uuee to four inches in 
lengUi, with a poorly developed beak that gives the valves an 
oval to round shape. The left or attachment valve b larger and 
deeper-cupped Uan Uw right vahe, vnth 20 to 30 nbs and 
irregular, concentric lamellae. The upper, smaller valve b flat 
with numerous concentric lamellae but no rifos The hinge liga
ment consisb of Uuee parts: a middle flat part on the left valve and 

two projections on the right The internal valves are white, and 
the muscle scar is eccentrically positioned and unpigmented 

Adult Eastem oysten may vary in length from two to six 
uiches. The sheUs are asymmetrical, highly variable in texture 
and shape, and greatly influenced by environmental conditions. 
The external shell b usuaUy a shade of gray, and the fetemal 
valves white with a variable-colored musde scar, usuaUy deep 
puiple. The left valve is longer than the right not deeply 
cupped and the beak is usually elongated and sttongly curved 
The shell margins are usually straight or only slightly undulat
ing, and the inner margins of the valves are smcxxh. 

The adult Pacific oyster averages afoout four to six inches in 
length. The sheU is coarse, with widely spaced concentric 
lameUa and ridges. The shell is thinner than that of Eastem 
oysten, fout more deeply cuf^xd. The Kumamoto variety 
spawns in the fall in namre, grows slower than the Miyagi, b 
smallet fout b highly prized for ib deeper ci^. More recent 
woric using genetic marken has suggested that die Kumomote 
b a separate species from C gigas. The Miyagi b die prindpal 
Pacific oyster variety grown on the West Coast. The Pacific 
oyster's shape may foe highly variafole and greatiy mfluenced by 
environmental concUtions. The uppet flat right valve is 
smaller than the left, and the inner surface ofthe valves b white 
wiUi a faint purple hue over the muscle scar. 

Harvesting oysten from hanging culture racks at Drake's Estero. 

Status Of Populations 

Native oysten can stiU tx found in sporadic distribution 
among various bays, txit in veiy low densities. There b periocUc 
mterest in attempb to revive the popufetion at specific sites, at 
least m densities high enough to suppon Umited sport hanest 
It remains a noncommerdal, proteded species. 

The commercial species wUl continue to be culmred in 
inCTeasing numfoen as long as the water quality of the bay 
SV stems b maintamed and proterted. The Pacffic ov-ster contin
ues to foe the dominant spedes cultured and producen wiU 
explore varieties and intra-spedfic variety CTOSSCS such as Uw 
Kumamoto X Miyagi. Because hatcheries can comrol repro-
durtioa Uiey are starting work to devdop improved pcrfor-
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mance through genetics and production of triploid (3n-sterUe) 
stocks of Pacffic oysten that grow faster and do not undergo 
gonadal development 
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ROCK SCALLOP 

History of the Rshery 

Purple-hinge rock scallops (Crassadoma gigantea) are 
very popular among sport diven and shore coUeaors in CaUfor
nia, Mexico and the Pacific Northwest The shelffish is prized 
for ib flavorfid, almost sweet meat (adductor muscle). No 
recent commerdal hanest of rock scallops has txen allowed m 
Califoma. It was judged several decades ago by the Calffonua 
Department ofFish and Game that these mollusks were patchy 
in dbtribution and commerdal exploiation would endanger 
their survival. Thus, rock scaUops have remained in the domain 
of sportsmen ItbdUTicult to estimate total landings since many 
are taken incidentally. However, records ofthe Department of 
Fish and Game for the yean 1978-1987 indicate an average of 
928 were taken per year by diven ftom conunercial passenger 
spon diving boab operating largely at the Charmel Islands. The 
scallops are usually pried from their atfechment suifeces with 
an abalone uon. The large addudor muscle b easily shucked 
from the opened shells and separated from mantle and viscera, 
and diven often eat the scallops fresh from the sheU, either 
underwater or afoove! By almost all criteria, rock scallops 
ranked superior to other scaUops in taste tesb conducted by a 
professional taste pand engagrtl by investigaton at San Diego 
Sate Univenity. , 

Status of Biotogtoai Knowtodge 

The purple-hinge rock scallop is distinctive, having an 
irregular oval ouUine, a ragose (ridged) upper free sheU (left 
valve) and a tentacle-bearing manUe, usuaUy orange or gray. 
The Ulterior aspert ofthe hinge Une on footh valves bean a zone 
of purple pigment Adulb typically are firmly atfeched to the 
substrattun, incontrastto most other scaUops that Uvefreeon or 
above the bottom. While passing a free-living juvenile lffe. 
atachment b achieved by temporaiy byssal threadis. Pernanent 
atachment occun through deposition of shell material by the 
right vahe in conformity to the miaordief of the substramnt 

Throughout ib range ftom SiUca, Alaska, to Magdalena 
Bay, Baja Calffomfe, Uie rock scallop is generally found from 

the lower intertidal zone to depUis as great as 100 feet Ofishore 
reefs are typically popufeted but coiXTPte pier piUngs and jetty 
rock at enttances to bays in soutiiem Calffomfe have also 
become favored habitab. Commonly this sheUfish measures 
five to sue inches in shell diameter, but occasionaUy uidividuab 
exceeding eight inches are found 

Purple-hinge rock scalkip, Crassadoma gigantea. 

Sexes are separate, although cases of hermaphroditism 
have been reported An increase in numfoer of females refetive 
to males among larger adulb has suggested prolandry (func
tioning early as males, but feter becoming females). Other 
possible explanations for thb fmding include differential 
growth rates and/or survival. SouUiem Calffomia rock scallops 
exhifoit a founodal armual reproductive cycle, with spawning 
periods m fete spring-early summer and again m mid-fall. 

Rock scallops are fUter feeden, deriving the bulk of their 
nuttition ftom phytoplankton and to a lesser extent ddrims. 
Predation may limit numben of rock scaUops, chiefly due to 
losses of early free-living and newly cemented juveniles to sea 
Stan and crafos. Adults enjoy a high degree of immunity to 
precfetion foy virtue of their afoility to close theu shaip-margined 
valves quickly. However, sea otten may succxed in foreaking the 
shelb of adult rock scaUops. 

A study ofthe biology and aquaculture potential ofthe rode 
scallop undertaken at San Diego State Univenity found Uat 
under the most fevorable conditions, growth rate of juvenUes 
and young adulb held in the sea in suspended culmre exceeded 
two inches per year. It was found that the rock scallop could be 
reared from the miaoscopic egg to markeafole size (four to five 
inches) in afoout two and a haff yean. 

Rock scaUops are intolerant of salinity reducuon grcater 
Uan 30 percent and are not found in esmaries and bavs w here 
frcshwater dilutes the saline water to levels below 25 ppt. In 
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areas with weU cuculated ocearuc watet adulb are hardy and 
survival b high 

For many years, oyster farmen at Point Reyes have reared 
rock scaUops in pens for sale at a local retaU maikrt. Juveniles 
set namrally among the oysten under cultivation in Drakes 
Estero are recovered and pfeced in submerged mesh cages for 
rearuig to a size of afoout five inches (afoout two yean). These 
scallops are sold for atxiut SI each. The adductor muscle in 
scallops of that size weighs atxxit a tenth ofa pound scaUop 
meats, Uwrefore, were valued (1982) at $ 10 per pound 

Year-round spawning can be achieved in the hatchery. 
Lanae are reared through thdr planktonic sfeges (about five 
weeks) and fed uniceUular algae until setUement and the onsrt 
of metamoiphosis. Juvenile sfeges as small as 0.2 inch foegin to 
ding to die sufosttrate by byssal Uueads. These anchoring 
filamenb may t x detached by ttw young scallop, allowing 
swimming for forief periods and relocation ff necessaiy. When 
the juvenile scallop reaches one-haff to one inch (afoout six 
months), attachment becomes pennanent through cemenatioa 
Plastic surfaces are provided for cemenation in aquaculture. 

Several aquaculmre groups in Calffomia, Washington 
state, and British Columbia, are cunenUy testing the concept of 
rock scaUop spat coUection as an altemative to produdion of 
young in the hatchery. The prindpal difSculties encountered so 
far are coincident collection of pink and spiny scallops m 
northem waten and kelp scaUops in southera waten, making 
separations tecUous. Typically, a single spat coUection bag, 
approxunately one cubic foot immersed at a depth of 20 fert for 
two months, will yield between 500 and 1,000 juvenUe scaUops. 
About 25 percent of Uiose would t x rock scallops. Until 
conunerdal hateheries are developed to produce substantial 
numben of juvenile stock avaUable to growen at a few cenb 
each, the use of spat coUecton seems a preferred practice 

GeneraUy, roc^ scaUops have not been subjed to problems 
assodated wiUi poUutanb. The addudor muscle, which b 
usuaUy aU that b consumed is not a storage organ for metabo
Utes or toxins. A single case of paralytic shellfish poisoning was 
reported m 1980 during a red tide off northera Calffomfe. In 
Uiis instance, which was fatal a diver consumed viscera in 
addition to the adductor muscle from several scallops. 

Status of Population -/ 
T h b shellfish b ccramoa on of&hore reeb and other 

fevored habitats, but in ito case b it numerous. Heaviest take of 
rock scallops occun at spob frequented by spon diving vessels. 
Larger adulb are foecoming rare in these locations and individu
als as small as two inches are foeing taken in large numbers. The 
present foag limit b 10, fout rock scallops may foenefit from some 
size and seasonal limifetions. 

The rock scallop b a valuable marine resource to the sport 
divet as well as a highly promising candidate for extensive 
cultivation in die sea foy new methods of aquaculttue 

David L. Leighton 
Marine Bioculmre 
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SALMON 

History 

Three types of operations are involved in sahnon aquacul
ture: salmon ranching, land-tiased tank operations, and nrt-pen 
rearing. At salmon ranch hateheries, adult fish are spawned Uw 
eggs are hatohed and the young are reared in tanks to mcrease 
Uieir size and to better thdr chance of survival in the wUd The 
salmon are Uien released and grow to market size whUe at 
Ufoeity in die ocean. When they mature, the salmon retum to Uw 
hateheiy, where they are harvested If at least Uiree to five 
percent of the released salmon retum to foe hanested the 
salmon ranch nay tx successfid. It b not uncommon, however, 
for 98 to 99 percent of the salmon tofoe lost to nattuai and fishing 
mortality foefore they can retura to the hatcheiy. 

Land-based tank operations maintain aU of Uie fish on Uw 
fedUty until harvest. Fish are kept in tanks made of conaete, 
fifoergfess, or other materials Round tanks are often 20 to 30 
fertindianxter. Water b pumped through the tanks to maintam 
gocxl water ciuality, and growth comes from manufectured feed 
provided tiy the aciuaculturist 

In areas where net-pen rearing occurs, young fish are 
produced in hatcheries, then placed imo pens and grown to 
maikrt size. The pens are made from flexifole netting material 
suspended from floab and can range in size from a few hundred 
square feet at the surfece to many acres. The net-pens are 
usuaUy pfeced in sheltered salt water areas where prrtectioa 
from ocean stoims b provided txit where good water quality is 
maintained liy natural currents. 

Salmon are produced in Calffomfe foy footh private and 
pufolic hateheries. While the history of private trout produrtion 
m Calffonua dates back to the 1800's, privaie commerdal 
production of salmon in Calffornia is just now developmg The 
first evidence of recent interest in conunerdal salmon produc
tion was the authorization by the Calffomfe Legislature in 1968 
for the first (and only) private salmon ranching operation. In 
1979, the Legbfeture authorized Uw operation's move to its 
current site on Davenport Landing Creek ui Sana Cmz County, 
where it remains an experimental pUot project In Calffomia 
fend-based tank operations foegan in 1983 and have foeen Uw 
source ofthe Sfete's private aquaculture production of salmoa 
CunenUy, saUnon culttire b not a major componenl of Uw 
Sate's private aquaculture sertot contributing less than five 
percent to Uie total value ofthe industry's produrtioa 

Pufolic salmon hatcheiy operations pfey a key rde m Ux 
managenxnt of Calffomia's natural resouroei Ruchencs are 
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built and operated to supplement ramral salmon resources or to 
mitigate for die loss of natural production that occurs when 
waler and power generation projects eUminate salmon spawn
ing habiat. Thus, hatcheries help to provide for the multiple 
benefidal use ofthe Stale's water resources. Pufolic hatcheries 
produce approximately 50 miUion fish each year and are critical 
to maintaining the Safe's sport and commerdal salmon fisher
ies. Seventy percent of Calffomia's salmon hanest comes from 
south of Point Arena where hatcheiy-produced fish generally 
make up over haff of the catch. 

Public hatcheiy production of salmon in Calffomfe cfetes 
lack to 1872 wiUi the esafolishment of Baud Hatohery on the 
McCloud River in the upper Sacramento River drainage. 
Several other salmon hatcheries and egg taking sfetions also 
began operations ui die fete 1800's and early 1900's. Baird 
originally operated as an uidependent hatoheiy, then as an egg 
collecting station for salmon and ttout reared at Mount Shasfe 
Hatcheiy (then caUed Sisson Hateheiy). After the construction 
of Shasta Dam, Mount Shasta Hatchery and the upper Sacra
mento spawning grounds were separated from the lower Saaa
mento River and the Pacific Oceaa Coleman National Fish 
Hatchery was fouilt in 1942 to mitigate for those losses. It 
replaced many of die early hatcheries, induding most of the 
salmon operations at Mount Shasfe. Coleman is the only 
federally-operated fish hatchery in Calffomia 

Tocfey there are seven Califomia Department ofFish and 
Game-operated salmon mitigation hatcheries and two Sate-
operated saUnon restoration and enhancement hatcheries. AU 
nine ofthese State-operated hatcheries have foeen fouUt since 1955. 

The mitigation hatcheries are located on centtal vaUey and 
north coast riven downstteam from dams constructed for water 
or power development Iron Gate Hatchery b on the Klamath 
River foelow Copco Lake Trinity Hatcheiy b on the Trinity 
Rivei foelow Clair Engle Lake. Feather River Hatchery b 
located below Lake OroviUe. Mokelumne River Fbh InstaUa
tion is located below Camanche Resenoir. Nimbus Hatchery b 
on the American River foelow Folsom Lake. \ ^ Arsclale 
Fisheries Sfetion b on die Eel River foelow V ^ Arsdale 
Resenoir Warm Springs Hatcheiy b on a tributary to the 
Russfen River below Lake Sonoma Coleman National Fish 
Hatcheiy is on a uifoutaiy to the Sacramento River at Andersoa 
south of Redding. 

The Department's two restoration and enhancement 
hatcheries are the Mad River Hateheiy near Eureka and the 
Merced River Fish Installation below Lake McClure. 

In additioa publto or privately fimded nonprofit salmon 
restoration and enhancement projects use a variety of habitat 
improvement, artificial spawning, and rearing techiuques to 
improve rans of wild fish or to contribute additional fish to the 
fistiery. Most are located on coastal streams in northem and 
central Calffomia Saltwater pen-rearing operations are located 
at Tiburoa Port San Luis, and Vfenttua. In 1989-1990, a total of 
twenty-one projeds planted an average of 54,000 fish per project 

Status 

Currently, private aquaculmre-produced salmon from 
Califomia nay come from either salmon ranching operations 

or from land-based lank rearing faculties. WiUi the exception of 
the small sport-fishmg salmon enhancement projecb, there b 
no nrt-pen rearing of salmon m Calffomfe. (Commercial net-
pen rearing is not prohibited however, suitable sites have not 
foeen identified or developed which do not confUrt with other 
estafolbhed uses. 

Volunteers lagging salmon for future evaluaikin of success of a 
non-profit salmon restoration project. 

Every private aquaciUttue operation in CaUfomia b re
quired to register wiUi the Department of Fish and Game. 
Before ai^roving an application for regisuatioa the Depart
ment must drtermine that each fecUity wiU not cause significant 
negative impacts on adjacent native fish and wildlffe Private 
salmon culture nay foe permitted throughout Cal ffomia, except 
that new commerdal salmon fenning b prohibited from the 
Smith River watenhed 

Most commerdaliy prcxhiced salmon have been from tank-
rearing operations Icxated in northera Califomia, where the 
cold water suitable for salmon culture b more readily found 
Fish are grown to markrt size in tanks using either fresh or salt 
water. Steelhead rainfoow trout (Oncorhynchus mykiss) aie 
produced from domestic forood stock maintained by Clalifomfe 
aquaculturisb. However, coho salmon (Oncorhynchus kisutch) 
and Atlantic salmon (Salmo salar) eggs or fingeriings are 
unported from out of sate to Uw Calffomfe farms. The eggs are 
hatehed and ttw juvenile fish are grown to markrt size 

Private salmon production in 1990 is estimaied at around 
one miUion pounds. Most ofthis production entered the fresh 
fish market for human consumption Some small quantities 
were used to stock reservoin for recreational fishing Total 
production for 1991 is expected to deaease from 1990 leveb 
due to reduced production from Uw major tank-rcarmg operatioa 

The lone Calffomfe commerdal salmon ranching projed 
operates under a pennit from the Fbh and Game Commissioa 
which reviews the permit annually Commission auUionty to 
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issue the salmon ranching permit is granted by the CaUfoma Legisfe
mre. The Legisfeture reviews the authorization periocUcally and 
Ul 1990 extended authority to bsue the permit to January 1, 
1996. The projert is authorized to ranch chinook salmon 
(Oncorhynchus tshawytscha), coho, and steelhead 

Sate and federal hateheries prcxluce chinook and coho 
salmon and steelhead using the same produaion techniques as 
other salmon ranching operations. Remming adulb are artffi-
dally spawned and the offspring are reared to smolt or yearling 
size before they are released at the hatchery, or at other 
freshwater sites, to migrate to the ocean where they grow to 
adulb. Chinook salmon rettun to foe spawned usually three or 
four yean after release. Coho generaUy spend one year in 
freshwater and retum from the ocean to tx spawned as two- or 
three-year olds. Steelhead most often spend two seasons in fresh 
water and one or two seasons in the oceaa 

Pufolic hatcheiy production remains relatively constant 
therefore, years of low natural production result in hanesb wilh 
a larger proportion of hatchery fish Depending upon the 
success of each year's natural produetioa Department ofFish 
and Game biologists estimate that hatchery-produced fish 
generally contribute from 30 to 50 percent of Calffomia's sport 
and commercial salmon hanests. 

Trinity River Hatchery 

Most of the pufolic hatchery production of salmon in 
Califomia is conducted to mitigate for the loss of habiat caused 

by constmction of dams for water and power development The 
concept of providing mitigation for losses to fish and wildlif. 
caused by the fouilding ofa govemment projea was originalK 
esablished foy die U.S. Congress when it enaaed die Fish and 
Wildlffe Coordination Art of 1934. The need to replace Uie 
namral fishery resources eUminated foy these projects continues 
to have high priority wiUi the people ofCalifornia 

Bob Hulbrock 
CaUfomfe Department of Fbh and (jame 
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AQUACULTURE OF MARINE SPECIES: 
DISCUSSION 

CaUfomfe's location, marine influences, and coastal to
pography that contrifoute so significantiy to the rich Pacffic 
assemfolage ofmarine spedes lave also supported substantial 
commerdal and sporb fisheries and a significant aquaculture 
mdustiy. Although emphasis here is on aquaculture, die com
mercial and sporb fisheries have had a strong refetionship to 
aquaculture in the past and wiU foe more sttongly linked ui the 
fiimre. These relationships are recognized foy sate government 
and have resulted in legislative mandates assuring 
aquaculttue's pfece in Calffomfe's fiiture. 

A first link b aciuaculture's relationship to commerdal 
fisheries. Interest in aquaculture has increased over the past 
several decades as a result of pufolic demand for aquatic 
producb and die realization that our traditional natural fisher
ies are linuted in Uxir afoility to meet this inaeased demand 
Aquaculture now accounb for approximately 10 to 12 percent 
of fishery producb consumed woridwide. Traditional marine 
fisheries, once considered unUmited are now Uiought capable 
of produdng a maximum sustained level of hanest at IOO to 
120 million metric tons per year without harming the namral 
resource. This Umit nay foe reached or exceeded for our 
fraditional fisheries early in the next centuiy. Options include 
inaeasing landings foy use of nontraditional underatilized 
spedes and through the use of acjuaculmre, wiuch is Ux conttoUed 
culture of aquatic oiganbms. Aquaculmre is notbeuig designed to 
replace the namral fisheiy, fout to supplement Ux demand for 
fbheiy products as demand exceeds natural production 

A second link to aquaculmre exbts with both Uie commer
dal and sporb fuheries, both of which have foeen major 
contrifouton to the sfete's economy. The Unk is aquaculmre 
production of aquatic species that are released into the sale's 
namral waters to mitigate the loss of wildstock through human 
activities, natural occunences, or the effecb of boUi. The Sate 
Resources Agency has a long histoiy of public aquaculmre for 
mitigation through its hatcheiy systems. More recentiy the 
pnvate sertor has joined with agendes incopperative programs 
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operated unda state conttol to produce aqaaac spedes primarily 
for mitigation of sport fishing species. 

Califomia's 1,100 mile coast has a number ofbays and 
inlets suitable for aquaculture, and most commerdal operations 
from Crescent City to San Diego are located in these sheltered 
bays and inlets. Most of tlx coasUine b dominated by- rocky 
inshore areas with rough, steep cliffs, and recently fedUties 
have been fouilt that pump water over the cliffs to onshore tank 
culture operations. Stria coastal zone regufetions also mandate 
compatibility with environmental and other local regufetions. 

Aquaculture in (Calffomia b not new. In each instance it 
has matured from a fisheiy through developmental steps to 
controUed culture ofthe spedes. From its early appUcation of 
culturing oysten in the 1860's and trout m tfae I870's,Uxsate's 
industiy produces over 3 5 spedes. Ex-feim value b estimated to 
be in excess of 35 mUUon doUars annuaUy. The marine aquac
ulture industiy has a good mix of commerdaliy viable spedes 
and species under research and development that are expeaed 
to make the transition to economic viabiUty in the future. 

Marine aquaculture makes up almost one-haff the total 
aquaculture industry, with the major food spedes prcxluced 
being oysten, mussels, salmon, and afoalone. Some marine and 
brackish water spedes, such as sturgeon and striped bass, are 
cultured at inland sites, thereby taking advanage of theu 
anadromous nature and a(feptafoility to fresh water Other 

unportant aquacultural contrifoutions to the sate iixlude non
profit salmon and steelhead production faculties operated foy 
dtizen organizations in cooperation with the resource agency to 
mitigate the namral fisheiy. 

The fiimre of Calffomfe marine aquaculture b foright and 
essential boUi for inaeased food production and to maintain 
the state's natural resources. Ifthe quaUty of our coastal waten 
b maintained the state's aquatic production of the spedes 
raised now wiU increase and foecome an even greater conttifou-
tor to the state's economy. Research and development by 
mdustiy and instimtions wiU continue to add additional spedes 
to the list of those txing oUttued txith for food and in support of 
the nattuai resource where species are threatened or endan
gered Aquaculture b a valuable inclusion within the coastal 
zone and can be compatible with the objectives eff coastal zone 
management A healdiy environment and clean water are 
essential to aquatic production, and more often tlw monitoring 
piograms mandated to assure seafood safety of aquaculmre 
pioducb are the sentineb that measure the quaUty of our coastal 
waten. Calffomia has a rich assemfolage ofmarine species that 
contribute to our food base, to the economy ofthe state, and of 
equal unporfence contribute to our quality of lffe as a dirert 
reflection of nature's gifb. 

Fred S. Conte 
Univenity of Calffomia, Davb 
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UNDERUTILIZED SPECIES 
1 

BOX CRAB 

History of the Fishery 

WhUe they have rarely been marketed in (TaUfomia, box 
crafos (Lopholithodes foraminatus) have been used commer
daliy in Oregon for several yean. The meat which is found 
mainly in the cfews and legs, is tasty and has gocxl texture, and 
the meat yield of about 25 percent of die total weight is high 
compared to that ofthe more famiUar rock crafos. The sheU takes 
on an appeaUng recklbh tinge when cooked but inoderateiy 
sharp spines on the carapace and legs dett^d somewhat from 
die box crab's maiketabiUty. The sheU is not as hard as that of 
rock crabs, howevet so die meat b easier to extract 

Box CTabs are a common bycatch in the groundfish fbher
ies of northem Calffomfe. They are often entangled ui giUneb 
that are used to catch rockfish in deep water, and are also 
captured, sometimes in large numben, in trawl nets. Traps used 
to calch fish or Dungeness crafo are also effective for catching 
foox CTafos, which are reacUly attraaed to foait C;aptured box 
aabs are usually eUscarded or are eaten liy fishermea because 
ofthe lack ofa market No regulations apply to the commerdal 
or sport take of box aabs. 

An experimental trap fbhery for foox crab carried out in 
August and Septemfoer, 1989, in southem Calffomia at the 
northern Channel Islands, produced only a few crafos. Most of 
the fishing was conducted in the shaUow end of the foox crafo's 
range, which may parUy account for the poor resulb. Obsena
tions made during that smdy suggest that long soak times are 
needed to catch box aab , which may not tx as mobUe as other 
CTabs and lobsters. In fact it was suggested that trawlmg may foe 
more effident than ttapping as a means of catching foox crabs 
commerdaUy. Box CTabs cto poorly in captivity in amfoient 
surface, sea water temperatures in southem Calffomfe; so 
refiigeiated systems are needed in order to keep them aUve. On 
the other hand they will remain alive out of water for at least 
two or three cfeys ff kept in temperatures under 45*. 

The maiketabiUty of box crabs was discovered in Oregon 
m 1983, when El Niito concUtions forced fishennen and dealen 
to look to substimte species for the many normal targrt spedes 
no longer avaUable. Catches jumped ftom 16,000 pouncb in 
1983 to 272,000 pounds in 1984, Uwn decUned to 93,000 
pounds in 1985. Much of the produrt was sold in the form of 
picked meat to fouyen on the east coast who needed sufostitutes 
for declining resources of "Jonah" crab. The crabs were caught 
mainly in Dungeness crab pob with entrances made a foil tiigher 
to accommcxfete the shape of box aabs. 

Status of Biotogtoai Knowledge 

When its legs and cfews are folded under ib foody, the tiox 
CTab resemfoles an oval rock or, arguably, a snaU foox. Box crafos 
have a light brown carapace and are white below. The entire 
front margin ofthe carapace is armed with short sharp spines. 
When the legs are folded inward, a round hole is formed at the 

angle ofthe midcUe jomt between the daw and the first waUdne 
leg fiom which dx sdentific name "foraminatus' was derived 

Box crab, Lopholithodes foraminatus. 

In northem Calffomia, txx crabs are abimdant in depUis of 
300 to 800 fert. Further south, they are more common in 
somewhat greater depths ofabout 600 to 1,000 feet The recoid 
depth of capture b 1,800 feet Box crabs are found on sandy, 
muddy, and rocky bottom. They may possibly undergo migrations 
from deep to shaUow waten and vice versa during certain seasons. 

LitUe is known afoout Uie foiology, behavior, or popufetion 
parameten ofthis spedes. Egg-bearing females are common 
off soulhem CaUfomfe ui Febmaiy, and hatetung piobably 
occun sometime in spring Mamre males weigh about 1.3 pounds, 
and the largest uidividuab are about 2.5 pounds and measure 
seven inches across Uw bade. Females are smaller dan males. 

Like other crabs, box crabs probably feed mainly on 
invertebrates that occtu in their habitat The sttong cfews are 
used to grasp and tear their prey into manageable size. The 
najor precfetor offoox crabs is prctobly octopus. Otlxr animab 
find it difficult to eat box crabs when Uiey assume dwir defensive 
positioa with aU the appendages folded under the foody. 

Status Of Population 

NoUiing b known about the abundance of foox crafos. 
Occasional repoits of catohes oflarge numben box crafo by trawl 
fishermen in IxiUi northern and scxithem Calffomfe suggest 
Uat the popufetions may foe sizafole. Near San Diego, research
ers regularly caught txix crabs in foaited traps srt ui depUis of 
125-175 fethoms. We need to leam more about die Ufe histoiy as 
weU as abundance oftxix crab in order to determme appropriate 
catch levels. 

Susumu Kato 

National Marine Fisheries Seniee 
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KELLETS WHELK 

History of the Fishery 

Relatively few KeUrt's wheUcs (Kelletia kelletii) are taken 
commerdaliy, and these are usuaUy sold alive in southem 
Calffomfe at local fish martceb that specfelize in live fishes. 
Consumers represent various ethnic groups used to eating 
similar kinds of shellfish, such as conch from the Caribtxaa 
and other nepmnid snaUs found in southeast Asia The wheUes 
are usuaUy boiled whole, then the meat extracted and viscera 
removed The shell can also foe cracked and the meat removed 
foefore cooking. Live Kellet's whelks, are presentiy sold foy 
fishermen to wfidlesalen fbr 2SW40TXtt^pei pound. Some 
Kelletia meat b also imported from Mexico. 

Presentiy, small commercial landings are made primarily 
by rock a a b fishermen who catch KeUrt's whelk uiddentaUy in 
their ttaps. Lobster fishermen also catch and deliver whelk at 
times. Most of these catches are made near shore, from San 
Diego to Pt. Conception, and at die Channel Islands. Because 
landings of Kellel's wheUc are recorded with other shellfish 
under tiie collertive terms "sea snaU," "miscellaneous mol
lusks," or "wheUe" in catch satistics maintained by the Depan
ment ofFish and Game, the actual amount landed is unknown. 
However, except for some landings of "miscelfenecxis mol
lusks" with high unit value, lancUngs under these categories 
recorded from San Diego to Sana Barfoara can tx safely 
assumed to foe composed primarily of Kellet's wheUc. From 
1977 through 1989, the estiinated calch in southem CaUfomfe 
ranged from 16,000 to 40,000 pouncb, with an average of 
28,000 pounds. No KeUrt's wheUe are caught commerdaliy 
north of Point Clonceptioa 

No restrictions apply to fbhing for whelk, fout the high 
vulnerability of spawnmg aggregations may require seasonal 
protection ofthe species ff die fishery should expand Diven can 
easily hanest dense clusten of Kellet's wheUe found in shaUow 
water during the spring spawning season. The most productive 
fishing period using traps is from June through November, and 
tiie least productive is during the spawning seasoa 

KeUet's whelk, KelUtia kelletii. 

Status of Biological Knowledge 

Among the largest gastropocb found in southem Cali
fornia, Kellet's wheUes are common there in shaUow water Tlx 
ponderous sheU is grayish white, often with a gieenbh tinge. 
They are common from central Baja Calffomfe to PL Concep
tion, and occur northward at least to Mono Bay They are 
usuaUy found in and adjacent to kelp foecb and in neanhore 
areas wiUi rocky foottom, in depths of six to 130 feet and 
occasionally to 200 fert. They seem to prefer areas wiUi 
fooulden, ledges, and outeroppings rather than smooth rocky 
foottom, fout can also tx commonly found on sandy foottom 
adjacent to rocky areas. 

The sexes are separate, and reproductively active pain are 
frequently found during spring. Spawning usuaUy starts around 
April at San Diego, where bottom temperatures at depths of 65-
82 feet range from afoout 51* to 57* F. Females reach sexual 
maturity at a sheU length of afoout 2.8 mches, while males 
mamre when sUghUy smaUer. Spawning is annual and each 
female deposits egg capsules for at least a month during the 
spawning season. Individuals have been obsened laying 22 
capsules m 24 houn and 85 capsules during four spawning 
episodes over a period of 30 days. Each capsule usually contains 
400 to 1,000 eggs, but occasionally has over 2,000. 

The egg capsules are attached Ul clusten to hard substrate, 
uicludmg dead sheUs, rocks, and shelb of Uve wheUes. Incuba
tion time b around a month at 60° F. LitUe b known about the 
Ufe history after the ftee swimnung veliger lanae are hatehed 
One researcher estimated that adult wheUes 2.5 to 3.0 mches 
long were about seven or eight yean old. The maximum sheU 
length is about six inches. 

Kelletia is a carnivorous scavenget feecUng primarUy on 
dead and dying animals found on the sea flcxir Laige numben 
of Ux wheUc are often found aggregated around carcasses of 
dead fish Live animals eaten by Kelletia include foamacles, 
gastropods, pdecypods, polydi^te woims, and asddians. A 
long probosds allows them to feed in aevices and narrow 
spaces where they are not able to enter. 

Octopus and starfbh are the major predaton of large 
KeUrt's wheUc, while the young are eaten tiy these animals as 
weU as various fisfaes. 

Status of Population 
Spawning aggregations of 15-20 wheUes are common in 

some kelp foeds, and as many as 200-300 wfaeUes have foeen 
found widiin an area of 25 square yards, at a depUi of 60 feet 
During non-spawning seasons, densities of 28 to 60 wheUes per 
100 square yards were counted chuing underwater suneys of 
areas wiUi good wheUc habiat Because annual catehes have 
been low, populations of KeUrt's wheUe have probably not foeen 
adversely affected foy fishing Estimates of popufetion size are 
not avaUable for thb spedes. 
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OCTOPUSES 

History of the Fishery 

Ortopuses have txen reported in Calffomfe's commeidai 
fishing records in eveiy year smce 1916 when the records were 
first coUeded. Between 1916and 1990,Iandings ranged froma 
low of 1,160 pounds in 1960 to a higfa of 166,291 pounds in 
1924. The average annual catch b afoout 45,0(X) pouncb. 

\feiy few publbhed records exist regarding Uw nature of 
the fishery. PhUlips gave a detaUed description ofthe fishery in 
die Monterey Bay area in the period foetween 1920 and 1933. 
The "devUfish" pots m use then werc cone-shaped wicker 
baskets with a funnel shaped mouth; the traps were four to five 
and a haff feet high and about two to three fert in diameter at the 
wide end. They were constructed of rattan which was deemed 
better than wire because of ib flexibility when m contact with 
rcxks. The catches were made from rocky areas in 20 to 30 
faUioms ofwaiCT. Most ofthe catch was the giant octopus (Octopus 
dofleini) with an average weight of between 20 and 30 pounds. 

From 1919 to 1944, almost Lhe entire catch was landed at 
Monierey; then San Francisco foecame the leading port for a 
year, only to lose out to Eureka ui 1946. San Francisco and 
Monterey then regained the lead although landings at aU ports 
were declining foetween 1950 and 1960. Landings relxiunded 
strongly for about four yean at San Francisco in the early 
1960's. Catches then decUned agaia until only 1,804 pounds 
were landed satewide ui 1971. Another striking up and down 
cycle took place between 1972 and 1984. 

Since 1972, most of CaUfomfe's cateh has come from the 
Eureka area and was mddental to trawl netting for rocdcfish and 
flatfish. SouUiem Calffomia annual landings since 1950 have 
been less than 10,000 pounds, with the buUc of that catcfa 
coming from the Sana Bartiara area 

There b a slight declining seasonal trend in average 
monthly catch during the period 1947-1990. with the highest 
catch in January (average = 4,555 pouncb) and the lowest in 
Novemlxr (average = 2,203 pouncb). 

Early investigaton commented that the conunerdal catch 
of oaopuses b of UtUe importance compared witfa nwst other 
CaUfomfe fisheries. Thb satus continued foetween 1950 and 
1970, wiUi the average ex-vessel price at less than 10 cenb per 
pound Since diea however, Uiere has foeen a steady ttend of 
inaeasing ex-vessel value. Between 1970 and 1982, the aver
age value increased from 10 to 55 cents per pound; over tfae next 
six years, the average price doubled 

A shon-Uved high value, limited volume fishery for Uve 
oclopus began in the Los Angeles area in 1983. In 1981 and 
1982, die Los Angeles area value had foeen 75 and 93 cenb per 
pound respectively, while the statewide average was 50 and 55 
cents. In 1983, the Los Angeles price cUmfoed from $3.14 per 

pound to almost $13,00 (1987), before dippmg sUghUy to 

$11.75 in 1988 and plunguigto only 64 cenb per pound in 1989 
The ex-vessd value in the rest of die State remained under 
$ 1.00 per pound during Uib time. 

There are no season or bag Umib relating to Ux take of 
octopuses for commercial puiposes. 

Status of Biological Knowledge 

The six species of octopuses commonly found in 
Calffomfe's waten are all bottom dwellen as juvenUes and 
adulb. They are found from the intertidal zone to depUis of 
about 500 fathoms and in many diverse habifeb, induding 
rocks, kelp holdfasts, and soft bottom substrates such as sand 
and mud The giant odc^us contributes most of tfae cateh ia 
northem Calffomia, while the Calffomia bigeye octopus (0. 
califomicus) and the red ortopus (O. rubescens) prob^ly 
contribute most ofthe catch in Sana Baifoara and to the south 
Other spedes found m soudiem Calffonua are the Calffonua 
lilliput cxtopus (O. micropyrsus) and two nearly mor
phologically identical spedes, footh caUed the Calffomia two-
sprt ortopus (O. bimaculatus and 0. bimaculoides). These latter 
two can foe separated by differences ui foody size, color pattern, 
foehavior, egg size, and kinds of parasites found m the kkineys. 

The sexes are separate. During copufetioa the male places 
packets of sperm (spermatophores) in the foody cavity of the 
female by means of a modffied arm (hedocotylus) witii a 
suckerless, groove-shaped tip. The females fey eggs atached 
singly or in grape-IUce clusten to a hard substrate. The eggs 
range ui number from a few hundred to ttx thtxisands. They are 
brooded for several weeks to several months by the females who 
usuaUy do not feed wlule guarding the nest and often die when 
the eggs hatoh Young of some species hatch out with weU-
developed ink sacs and arms capable of feecUng and crawUng 
and take up foenthic Ufe, while young of other species enter a 
pefegic larval phase upon hatching 

Octopuses are voracious predators, feeding on a wide 
variety of mverteforates, principally crustaceans and other mol
lusks, and small fish They use tfae sucken on Uieii arms to catch 
and hold the radufe to rasp flesh, and die beak to bite 
Octopuses often driU tiny holes m the shelb of crafos, dams, and 
snaib througfa which they injea a poison to paralyze and kiU 
their prey. They in tum are fed on foy marine foirds, mammals, 
fishes, and maa 

Calffomfe odopuses are generaUy sfaort lived witfa a Ufe 
span of from six to 18 monUis, although the giant oaopus is 
thought to Uve to an age of three to five yean. They range m 
weight from a few ounces to over 400 pouncb and in size from 
two mches to afoout 30 feet in diamrter (from arm tip to arm tip). 

Status of Population 

No suneys have foeen made to drtermine the abundance 
and distribution ofCalffomia octopuses. At the present tune it 
appears Uat Uie mddental fishery is far from utilizing Uw fidl 
potential of die resource. Recent catch leveb of 10.000 lo 
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30,000 pounds per year are about 20 percent ofthe record catch 
165,000 pounds, taken in 1924. 

John M Duffy 
CaUfomfe Department ofFish and Game 
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PELAGIC RED CRAB 

History of the Rshery 

Pelagic red crabs (Pleuroncodes planipes) constimte a 
large fishery resource when they periodically appear off the 
southem CaUfomfe coast The buUc ofthe resource is centered 
offsouthem Baja Calffomia, but during warm water years many 
crabs are carried as far north as Monterey. Although this spedes 
b not now fished commerdaliy, in the past it has foeen used in 
pet food and aquaculture feed and other uses have been 
suggested The flesh is edifole (red crab is closely refeted to 
"langostino," which has been unported from ChUe for many 
yean), and Ux sheU can foe converted to "chitosaa" a compound 
similar to ceUulose with a number of practical appUcations. The 
carotenoid pigment in red crab can foe used to enhance pig-
menation in the flesh and skin of fishes, as weU as feathen of 
birds such as captive flamingos. It also gives a desirafole golden 
hue to the skin of chickens. 

A small fishery for pefegic red crafo was initiated ui the 
early 1970's, wiUi practicaUy all of Uie catches being made off 
southem Baja Calffomia, Mexico. The fishery lasted until 
around 1977, when extended jurisdiaion effectively closed aU 
areas of dense concentration of red crabs to American fisher
men. Throughout the fishery's existence, a single boat made aU 
commerdal fenduigs of red aabs. 

Although large numben of red crafos are periocUcaUy seen 
offsouthem Calffomia, attempts to catch them in commerdal 
quantities have proven difficult. Thus, the fishery was con
durted in southera Baja Calffomia, particularly in and near 
Magdalena Bay. All the landings were made in San Pedro. 
InitfeUy the crafos were used as an ingredient ui canned cat food 
but feter they were minced and included in the formulation ofa 
salmon feed known as "Oregon Moist PeUeb," used extensively 
liy salmon growen. The value of red crafo fey in its high 
concentration of carotenoid pigments which, when ingested 
and assimifeted foy salmoa gave the fish flesh ib characteristic 
color 'Without the inclusion of carotenoid pigments in the diet 
the fiesh of cultured saUnon b pale. 

BoUi midwater and foottom trawls have foeen successfiUly 
used to catch pelagic red crab. A special problem occun ui 
unloading Uw catch from the trawl nets, foecause the crabs 
intertock with each other and splitting off manageable amounb 
in the cod end b cUfficult On-fooaid handling and storage are 
also difficult because the crabs are light and buUcy. Further, 
enzyme activity quickly causes spoilage In order to store large 
quantities atxnrd a vessel, it was found that grinding and 
freezing the produa in plastic bags was most practical. 

Midwater trawl catch of pelagic red crabs. 

Pelagic red crab, Pleuroncodes plarxipes. 

Status of Biotogical Knowledge 

The pefegic red crafo is a sUiking red cmstacean foelonging 
to die famUy Galatheidae, which includes a number of lobsta-Uke 
crafos. Adult red crabs attain foody lengUis of only about 2 5 inches, 
and IOO or nrare individuab are needed to make ip a pound 
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Pelagic red crab b normally found off soulhem Baja 
Calffomia Mexico, but in years w hen suong northward uans
port of water occun along the west coast it can foe found as far 
north as Monterey. They are found in surface layers, and on the 
bonom from shaUow depUis to around 150 faUioms. AlUiough 
they have foeen found in temperamres of 48 to 82°, Uiey seem to 
prefer water temperatures txtween 59 and 70° F. 

Lanal and young sages ofred crafo lead a planktonic Ufe 
for afoout a year. In the second year, maturing crabs are afoout 0.6 
uich in carapace length and spend some time on the bottom. By 
the end oftfae second year they are sUghtiy larger than one inch 
long and Ixcome strialy foenthic. 

Red crafos foecome reproductively mature sometime in their 
second year. Each female may faave two or three broocb of eggs 
Ul one seasoa with up to 3,600 eggs in a brood Eggs hatch about 
two weeks after they are carried extemally. Spawning peaks in the 
winter, mainly off souUxm Baja Calffomia, but ui warm water 
yean spawning can occur as fer north as southem Calffomfe. 

Planktonic red crabs feed on phyto- and zooplankton by 
filtration. Benthic sages probably feed primarily on deirims, 
but can also feed on dead animal matter and can even calch live 
copepcxb by using theu chdipecb. 

In nature, the red a a b is an imporant food item for many 
fishes, birds and marine mammals, because of ils great abun
cfence and availability. Precfeton of red crab include most 
camivorous fishes, espedally mia offsouthem Baja Calffonua 
several spedes ofbirds, sea lions and some whales. Offsouthem 
Califomia, they constitute an important focxl item for gulb and 
probably marine mammals as weU, espedally during El Niflo 
years when other feed such as squid and anchovy are scarce. 

Younger sages of pefegic red crab Uve up to theu name, 
and are ttansported in all directions by cunenb from the 
priniary spawning grounds off south-central Baja Calffomia 
Windrows ofthese CTabs are often seen sttrtching for miles on 
and near die surface. Mass strandings of pelagic red crafos occur 
regulariy on foeaches in Baja Calffomfe and periocUcally happen 
as far nonh as Monterey. 

Status of Population 

Little information is avaifefole afoout the afoundance of 
pelagic red crab. One suney by a Russian research vessel found 
around 300,000 tons of red crabs in an area of 77,000 square 
miles off Baja Calffomia In another study, stomach contents of 
mnas caught in this area incUcated that the fish ate aroimd a pint 
ofred crabs daily, so the total abundance must tx considerable. 
Off California, however, large quantities ocou only infre
quentiy, when warm currenb carry the cratis nortfaward from 
die center of afoundance off Baja Calffomia 

Susumu Kato 
National Marine Fisheries Service 
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PACIFIC HAGFISH 

History of the Rshery 

Hagfish are prinutive, ed-IUee vertebrates tfaat are often 
called "slime eds" because of Uieir abUity to produce large 
amounts of mucus. UntU die fete 1980's, most fishennen in 
Calffomfe thought of tagfuh only as pests which would attack 
fisfa caugfat in giUnets, longUnes and traps. Thb perception 
changed when fouyen from die RepufoUc of Korea (SouUi 
Korea) canx to Calffomia in search of hagfish. In Korea, 
hagfish are highly valued for theu edifole flesh and for dwir Uiin, 
durable skia which is used to make "eelskin" leather 

A fishery for Pacffic hagfish (Eptatretus stoutii) began in 
die San Francisco and Monierey areas ui 1988. Eight fooats 
participated m the fishery the fust year, fending approximately 
690,000 pounds of hagfish The fishery grew rapidly, spreading 
north to Eureka and south to San Diego. The number offooats m 
Uie fishery increased to eighty in 1989, and lancUngs increased 
to 2.6 million pounds. Landings rose again in 1990 to 4,9 
million pouncb with an ex-vessel value of over two nullion 
dollars. Fishing effort began to decline at die end of 1990 and 
the decline continued in 1991, due primarily to the decrease in 
tiie ex-vessel prices brought about by the avaifebiUty of oUier 
sources of hagfish 
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Hagfish traps onboard a Morro Bay fishing vessel. 

Hagfish are caught with baited traps that are set on Ux 
ocean bottom Several types of traps have been used ui Uw 
fishery. The fint type, imported from Korea, was a molded 
plastic mbe perforated with small holes. It measiued afoout five 
inches in dfemeterand two fert in length One end of the Korean 
ttap was dosed and the oUier had a removafole one-way fimnel. 
As the fisheiy developed fishennen in Califomia designed 
other ttaps. Some were made fitim four to six gallon pla^c 
fouckets, w hile othen were made from 32 to 55 gallon plastic 
ttash cans or picklefoarreb. AU the ttaps had small holes in Uieir 
sidewalls and all had one-way fimnel entrances. The lids or 
funnels of the ttaps were held in pfece by rubber bands tied to 
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degradable conon line, which sened as a destma device, 
required liy law, to keep lost traps from continuing to catch and 
retain fish 

Most ofthe boats in the fishery were 30 to 50 fert in length 
and carried a crew of two to Uuee people. They set 500 to 1,500 
Korean traps, 200 to 500 bucket traps or 90 to 120 band ttaps 
at one tune. The Korean and bucket traps werc usually run on a 
single longUne, whUe the barrel traps were run on three or four 
separate lines each with about 30 traps. Fishing occurred at 
depths ranging from 240 to 1,200 feet with soak times from 
four to 24 hours. 

Pacific hagfish, Eptatretus stoutii. 

Status of Biological Knowledge 
Pacific hagfish range from southeast Alaska to Baja Cali

fomfe. They are foottom dwelling and occur at depths from 60 to 
3,100 feet fout generaUy shallower than black hagfish (E. 
deani), whose range overlaps. Padfie hagfish inhabit a variety 
of substrates including mud gravel and rcxk. However, they 
appear to prefer mud in which they make bunows. 

The smallest free-swimming Padfie hagfish on record is 
2.36 inches long, the fergest b 32.3 inches. Fish from 12 inches 
to 18 uiches predominate in the commerdal landings. \^ry 
Unle is known about the growth rate ofPacffic hagfish, since 
they are difficult to age because they lack Ixines and other hard 
parts that bear annual marks. The few fegging experimenb that 
have been condurted suggest a slow growth rate. 

Hagfish have a single gonad that nuis the lengdi of the 
abdominal cavity. Sexual differentiation is a gradual and highly 
variable process; nevertheless, most differentfete uito male or 
female before reaching nine inches in length. UntU Pacffic 
hagfish are afoout 7.8 inches in length, the anterior part oftfae 
gonad undergoes early stages offemale differentfetioa Females 
continue Uiis developnxnt and most are mamre foy nine uiches 
in length In males, the ovarian stmctures in the anterior part of 
the gonad degenerate, and the posterior part ofthe gonad foegi ns 
to differentiate mto a testb; most males are mattue by 11 inches. 

Eariy researchen speculated tfaat Pacffic faagfish were 
heimaphrodites, fout nxire recent smdies have demonstiated 
that normally they are not. Rare cases of hermaphroditism as 
weU as gonadal foisexuality do occur, however 

Fertilization is thought to foe external. Females lay large 
yoUcy eggs whicfa are covered by a faomy sheU. The oblong eggs 
range in length from 0.9 to 1.3 inches, and have mfts of 
filamenb at each end which anchor the eggs to the bottom and 

to each other Fecundity is low. Typically, 10 to 30 eggs mature 
during a reproductive cyde. 

There b no apparent breedmg seasoa The proportion of 
females with large (0.8 uich or longer) eggs is constant through
out the year. In adcUtioa at anytime of theyear, incUvidual males 
contain testicular folUcles in various sages of spermatogenesis. 
Padfie hagfish are thought to be repeat spawners foecause empty 
foUicles, uidicating recent ovulatioa are often present in fish 
with developing eggs. The intenal between successive 
spawnings is unknowa 

Hagfish are sovengen of dead and uijured animals, and 
may also foe pretfetors on benthic organbms. A smdy of Pacific 
hagfish in Monterey Bay sfaowed that they eat a wide assortmem 
of animab including cephalopcxb, polychartes, shrimp, fbh, 
and amphipods. They are notorious for devouring large prey 
from the inside out. Hagfish enter such prey tiuough an orifice 
or foy fooring into the foody cavity; Uicn using Uxir raspUke teeth 
Uiey consmne the flesh and viscera ofthe prey leaving behind a 
bag of skin and bones. 

Aside from maa there are few known predaton ofPacffic 
hagfish Hagfish eggs have been found in the guts of male 
Padfie hagfish and ui sablefish. Adult black hagfish have been 
found in the gub of sablefish, and it is Ukely that sablefish also 
prey upon Pacific hagfish, since their (Usuibutions overfep. 

Status of Population 
As of 1991 there has been no study of die population of 

Pacific hagfish 
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SPOTTED RATFISH 

History of the Rshery 
The spotted ratfish or chimaera (Hydrolagus colliei) is 

presentiy not used commercially in Calffomia, and probafoly b 
eaten only rarely on the occasions when it is caught by 
reaeational fishermen. However, fiUrts of chimaera have re
cently txen imponed into Calffomia, probably from Argentina 
and ChUe, and have been sold in restaurants as weU as fish 
markets. Chimaeras, caUed 'ghosbharks' in New Zealand 
wheie the fdlets are sonwtimes marketed as "peail filleb," have 
been eaten Uiere as well as in SouUi Africa for many yean. 
Chimaeras are also used as food in China, fout no infomation b 
avaifefole on the amount consumed The large Uver abo yields 
an all-purpose oil of good quality, which has been used as an 

197 SMB-26933 UNDERUTILIZED SPECIES 



extemal and intemal mecUcation as weU as a lubricant Spotted 
ratfish is commonly taken in trawl nets, and may lepresent a 
sizable underatilized resource m Calffomfe. Toal world land
ings are on the order of 3,000-4,000 tons annually. primarUy in 
New Zealand Chile, and Argentiua. 

Spotted ratfish are commonly found in the bycatch of 
bottom traw 1 nets. They are also caught by baited hooks that are 
fished near or on the bottom, and m bottom set gill nets. 

Spotted ratfish or chimaera, Hydrolagus colliei. 

Status of Biological Knowledge 

The spotted ratfish is an extraordinary fish, with a silvery lo 
bronze foody dotted with numerous white spots, and a smooth, 
scaldess skin often having a metallic cast. Large green eyes are 
set in a head that resembles Uat ofa rabfoit The strong dorsal 
spine contains a venom which, though not letiial, can cause 
severe pain. Chimaeras are similar to sharks in having a 
cartilaginous rather than bony skeleton 

Found from westem Alaska to the tip ofBaja Calffomia 
and in the northem part ofthe Guff of Calffomia, it is common 
in depths from 1,000 to 1,300 fert in spring. It is a txittom 
dweller, and occun in shallow waten in the northem exttemes 
of ib range, but has been found as deep as 3,000 feet 

Studies which use marks on vertebrae and spuws have not 
txen successfiU in estimating the age of ratfish nor have those 
which use eye lens weighb and body length modes. Females 
apparently grow to a larger size than males. In one collection of 
448 ratfish, no males were as long as 20.4 inches, while ten 
females were between 20.4 and 21 inches. The largest recorded 
length is 38 inches. 

Some females are namre at a length of 18 inches, while aU 
are mamre by the time they are 20 mches long. FertiUzation b 
intemal. Males have two hooked clasping organs in front ofthe 
pelvic fins and, like male starks, are ecjuipped witfa a pair of 
claspen which are used to transfer sperm ca|»ules into fenales. 

The female lays leatfaeiy egg cases wfaicfa are five to six 
inches long and are wide at one end and nanowly tapered at the 
other, which sticks into the mud bottom. Egg-laying usually 
occun in spring and summer, but some females and most males 
are reproductively aaive throughout the year. Egg capsules are 
probafoly laid in pain, and it b possifole that fertiUzation of a 
second pair of eggs may follow soon after the fint pair b 
released, and that those are released soon thereafter. 

The teeth of ratfish are arranged in three pairs of ferge flat 
plates, two pairs in the upper jaw and one pair in the lower 
Feeding hafoits reflect an opportunistic nature, and the dirt 
includes clams, snails, shrimps, nudiforanchs, annelid and 
polychaete worms, coelenterates, amphipods, small fishes, and 

heart urchins. Many ferge fishes such as luigcod, rockfish, and 
halibut as well as several spedes of sharks and marine mam
mals, probably eat ratfish 

Spotted ratfish in die Guff of Calffomfe apparently migrate 
seasonally, but this may foe due to spedal hydrographic condi
tions witiiin the Guff and may not tx in(Ucative of distribution 
patterns elsewhere. 

Status of Population 

Nottung b known atxiut the size of the population of 
spotted raffish. The spedes has never Ixen purposely sought in 
Calffomia but is caught regularly liy fishermen targeting oUier 
species. Spotted ratfish are common in relatively shaUow 
smooth txittom grounds where trawlen work, and are also 
found in rocky areas. Since tfaey are not gregarious, it b rare to 
catefa tfaem in large numtxn. FecuntUty b low and like shades, 
chimaeras are probably more suscepubie tooverfishing Uan are 
foony fishes, which produce a large numfoer of offspring. 

Susumu Kate 
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PACIFIC GRENADIER 

History of the Rshery 

Pacific grenadier (Coryphaenoidesacrolepis) has scarcely 
been utiUzed in Calffomia txit ib cateh and consumption is 
growing. Annual landings ofthis spedes have increased in the 
1980's to an average of 128,000 pounds from around 85,000 
pounds in the 1970's. The calch for 1989 amounted lo a record 
263,000 pounds. There is no direaed fisheiy for grenadiers. 
Rather; Uxy constimteasignificant part of Uie by-catch in Ux deep-
water foottom ttawl fisheiy for Dcjver sole, Uiom>'head and 
sablefish Pacific grenadier are found off tlw entire Calffomia 
coast fout most landings have foeen made at Eureka Some Pacific 
grenadier have also foeen caught and soldat Monterey, primarily by 
sablefish trap fishermea but abo foy deep-water trawlen. 

The Padfie grenadier has several attrifoutes that make it a 
desirable market fiish The color of die meat b light and the 
flavor mild Moreovet ib low oil content around 0.5 percent 
contnbutcs to a long sheff Iffe, as randdity b not a problem 
Because grenadiers are among the most abundant species on the 
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deep continental slope, tiiey constimte an important latent 
resource that may be utilized fidly one (fey. 

Presentiy, most catches ofPacffic grenadier are made with 
ttawl gear, but hook and line b also effective. In fishing trials, 
vertical longlines caught fisfa on atxiut 50 percent of baited 
hooks m areas where the fbh were abundant. A hook and line 
fisheiy would be quite sdective for grenadiers, except in shallower 
depUis of theu range, where sablefbh are also abundant 

Pacific greraeUer are included with a group of misceUa-
neous spedes that bring just SO. 14 per pound to ti-awl fisfaer-
mea Reasons for the low price include a low fillrt yield smaU 
average size, and an unfamiUarity among the industiy and 
public with the good attributes ofthe flesh. The annual ex-vessel 
value was around $25,000 in 1988 and 1989. All Ux fisfa were 
fiUrted by processon and sold to maikeb in nortfaem Calffomfe 
and Oregoa 

Pacific grenadier, Coryphaeru}ides acrolepis. 

Status of Biological Knowledge 

Padfie greia(Uer are (Uslributed along the coast of North 
America from northem Baja Califomia to Alaska, across the 
Bering Sea lo the Okhobk Sea and Uie coast of northem Japan. 
They are inhabianb of continental slope waten from afoout 
1,000 to 10,000 feet although occasionally are taken much 
deeper Off Calffomfe and Oregon, they are nxist commonly 
captured at depths of 2,000 to 6,500 feet and are among die most 
afoundant fishes at these depUis. 

Pacific grenadier are among tfae larger of die 300 plus 
memtxrs of the family Maaouridae, attaining lengths of 38 
mches and 8.8 pounds. Most tiowever, are less than 31 uiches 
in length, with females attaining slighUy larger sizes than males. 

Spawning appears to take pfece mostly from fete winter 
Uirough eaily summer offsouthem (Talffomia, although spent 
females are found Uiroughout the year. In nwre northem areas, 
ripe females are found earUer, foeginning in September and 
Octofoer. Fecundity b relativdy high, with estimates given in 
die literanue of 22,000 to 118,000 eggs in females from Oregoa 
to as much as 150,0(X) from a 4.4-pound female off Calffomia 
Size at namrity b around 26 inches in females and afoout 20 
inches in males. Calcufetions of age using otoliths suggest that 
Uiese sizes are leached ui 10 or more yean. Larvae and juveniles 
are rare, and eggs are not kntiwn from the plankton. The 
youngest lanae are found in tfae upper 660 feet whereas older 
fenae and juveniles occur deepa. Spawning depth is unknowa 
One hypothesis would have die fish spawn in Uie upper water 
layen and descend to the foonom as juveniles of afoout three 
uiches. Alternatively, the fish may spawn at lower levels and the 
eggs float toward the surface, where they hatch and the fish 
descend as juveniles. 

Padfie grenacUers feed primarily on pelagic cephalopods, 
crusaceans, and fish allhoughyoung individuals probably feed 
mostly on bottom-dwelling uive.teforaies. These food items, 
and the occasional capture of adults weU off foonom, suggest 
dial Pacific grenacUers sometime rove up into the water colunm 
to feed It has been suggested Uiat the larger spedes of squid 
found m die stomachs of grenadien were eaten after they had 
died and settled on the ocean flcxir That grenadien are good 
scavengen b suggested by their ready attraction to foaited traps 
and hooks srt on Uw foottom. 

Status of Population .^:. ~ 

The s ta te of thg population kjinknowa AlUiough the 
species b broadly disuibuted in Calffonua and the North 
Pacific, only a small s t m e n t jof the popufetion b currentiy 
bemgfishecl 
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PACIFIC SAURY 

History of the Rshery 

In Calffomia, interest m fishing Pacific saury (Cololabis 
saira) was initiated in the 1950's, when die decline ui afoun
dance of Pacific sarcUne caused fishemxn and processon to 
look for sufostimte spedes whicfa could foe used to make fish 
meal. SporacUc landuigs of saury were made in San Pedro, 
where the fish were reduced into oil and meal. In the late 1960's 
and eariy 1970's, Japaa the Soviet Unioa and die U.S. became 
interested m harvesting saury offthe U.S. west coast because 
westem Pacffic stocks had fellen to aU-time low levels. 

Fisfaing trials by U.S. researchen and fishermen were 
conducted north of Monterey, where larger saury were more 
common. Most ofthese trials, which involved the use of purse 
semes and a Japanese fishing method using light attraction 
together witfa a type of folanket nrt (called bo-uke ami), were 
largely unsuccessfiil. Japanese sauiy fishing vessels which 
fished offthe west coast around the same time were a littie more 
successftU. From 1969 Uuough 1972 Uiey caught 507, 3,600, 
1,430, and 77 tons. Japarxse vesseb werc ferger than those of 
die U.S., and used attracting lamps with 50 kilowatts of power 
Catches per unit of effort were not considered high enough foi 
economical fishing, however Rough seas off the Oiegon and 
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Washington coasts, and scarcity of dense concentrations of 
large sauiy, were folamed for the low catch rate. The fish averaged 
just dght to rurx mches m length and had a low oil content. 

Aftei westem Pacific stocks refoounded in the mid-1970's, 
efforts to hanest sauiy here were cUscontinued. Because of its 
large biomass and good eating quaUties. the saury resource vviU 
likely foe utiUzed some day off Calffomia and elsewhere in the 
eastem Pacffic. However, economics offishing, hancUing, and 
piocessing coupled wiUi the present lack ofa domestic maiket 
make fisheiy development doufotfid in the neai term. E.xport as 
a fcxxl product is also urUUeely, foecause ofthe large catches in the 
westem Padfie and because the Japanese prefer their own fish, 
whicfa appear to have a higher fet content ExtemaUy attached 
copepods also detrart from tfae appearance of eastem Pacific sauiy. 

Pacific saury, Cololabis saira. 

Status of Biological Knowledge 

Pacific sauiy are slender, silvery fish common throughout 
the entire temperate north Pacffic Oceaa They grow to about 
12-13 inches "knob length" the disance from lhe tip ofthe 
lower jaw to the muscular knob at the foase of the ail fin 
(approximately 94%total length). The flesh of sauiy is firm and 
ratiier oily. The fish is widely used in Japan, where it is sold in 
fresh frozen, dried and canned form. The meat yield is around 
60 percent and the oil content varies from three to 10 percent 
In addition to its use as food and fish meal, sauiy is a prefened 
baiifish in the longline fishery for ttma 

Padfie saury are found in a broad foand aaoss the Pacffic 
Oceaa from around 20-25° north latimde to the Guff of Alaska. 
WiUiin this foroad area, three groups of saury are distin-
guishafole: one in the eastem Pacffic, the second in the centtal 
Padfie and the major group in the westem Pacffic. Offthe U.S. 
west coast, saury occur from near shore to perhaps 300 miles 
offshore, fout are most common from 40-100 miles offthe coast 

Young fish appear to remain in Califomia waters, while 
oldei fish migrate to the nonh, profoably to the soutfaem Gulf of 
Alaska, when coasal waters warm up in summer As the water 
cools in fa)l and winter, sauiy again move south to prefened 
temperatures off Califomia One study found mean lengths of 
7.9,9,3,and 10,9inches for saury from Calffomia, Oregoa and 
Washington. No fish greater than 12 inches were found off 
Califomia and conversely, all fish caugfat off Wasfaington were 
larger than seven inches. Optimum temperature range for saury 
offCalifomia is 57-63° F 

During the day saury are usually found in depths of 100-
230 feet, where they feed but have foeen found as deep as 7.';o 
feet. At night they usually swim near the surfece and are 
atfracted to light Large numfoen often accumulate under the 
lights of sationary or slow-moving vessels. Fish over 11 inches 
show poor attrartion to light however, especially during 

spawning periods. In Calffomia, fishing for adult saurv is apt tn 
be most successful in die fall, north of San Frandsco, and from 
40-120 miles offshore 

Growth rate and longevity of Pacific saury have been 
subjects of conttoversy for many yean. Interpreauons of 
growth marks on scales and otoUths, as well as results derived 
from analyses of sizes of fish caught by conunerdal fisheries 
have produced conflirting hypotheses. Various eariier workers 
Ul Japan and the Sovirt Union felt that westem Padfie saury had 
a lffe span of three to six yean, and dial saury were capable of 
spawning at age two. Females were thought to spawn three 
times a year, releasing 500 to 2,000 eggs, orperhaps as many as 
5,000 eggs dependuig on thdr size, during each spawning 
episode, in a season of around seven months sarting in late 
August. Later Japanese studies incUcated that two major groups 
e.xisted one spawning in spring and the other in autuma and 
tiiat the profoafole lffe span was two or two and a haff yean. More 
recent studies involving daily growth rings on saury otoliths 
suggest that most saury ui the westem Pacific Uve for only a 
year, while some may reach two years of age. Fish around 11,4 
inches, which are commonly caught in the Japanese commer
dal fisheiy, are thought to foe neariy a year old. Fish over 12.6 
inches, relatively scarce in the catch may be 1.5 to two years 
old. E.xamiration of otoliths oflanal and early juvenile sauiy 
grown from eggs in tanks showed that the growth rings were 
indeed laid down daily, at least for the fint month 

Daily growth rings found on the otoliths of eastem Pacffic 
saury suggest that the growth rate is considerably lower tiian 
that offish from the westem Pacific. By the end ofthe first year, 
eastem Pacffic saury are thought to grow to nine inches, while 
western Pacffic fish attain 12 inches. Some researchers Uiink, 
however, that eastem Padfie saury reach a length of only 6 5 
inches at the end ofthe first year, and are about 10.6 inches at the 
end of tlx fourth year. The largest fish are afoout 13.4 inches and 
6.5 ounces. Fish ofthis size are rare, and only a few are thought 
to survive beyond age five. Sexual mamrity occun during the 
second year, when the fish are around 7,9 inches. Fecundity was 
estimated at 1,600 eggs for a female of 10 inches, for each of 
three spawning episodes ui a season. Spring- and autumn-bom 
groups were also identified in the eastem Padfie, witii the 
former predominating in fish sampled from Calffomia to 
Washington. Smdies on genrtics of the two spawning groups 
revealed no differences. 

Spawning occun primarily in spring off Cal ffomia. and in 
August, Ortotxr, and winter off Washington. In Califorrua the 
highest numfoer of eggs was found in the plankton from Mono 
Bay to San Diego, mostly from April through June AlUiough 
saury spawn at all houn, peak numfoer of eggs are found around 
midnight, early rooming, and mid-aftemoon. Eggs normally 
atach to each otfaer and to floating objects by means of 
filamentous tfareaeb. The lanae hatch out in 10 days at 68° F. 
and 17 days at 58° F, and are usually found just under the water 
surface. Juveniles can foe found down to deptiis of 80 feet 
Prev ailing cunenb in southem Calffonua disperse some lan ae 
to the west as well as northward, but most remain near ihe 
spawning grouncb. 

Pacific saury feed on small zooplanktoa particularly cope
pocb. euphausiids, crafo megalops, and other small crusaceans. 
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Yellowtail. biuefin and albacore mna. and striped mariin are 
major precfeton of saury, as are fur seals, sei w hales, some bircb 
and squid 

Status of Population 
Although there is some disagreement among researchers, 

it is generally thought Uiat Uie eastem and westem stocks do not 
mix, while the central stock mixes with the westem and perhaps 
also to a lesser degree with the eastem Pacific stock. Genetic 
studies of westem saury stocks indicate that they are comprised 
of perhaps four subpopulations, but exchanges of genes often 
occur among the groups. 

The westem and centtal stocks appear to be indistinguish
able genetically; so mi.xing may tx considerable. The eastem 
Padfie stock may provide recnuts to the central area also. 
Rather large differences in growth rate and longevity suggest 
that eastem and westem Pacffic stocks, however, are isolated 

Recent estimates of population size of eastem Pacffic 
stocks of saury are unavailable. In the past, suneys by research 
vessels showed that lhe number of eggs and lanae, and foy 
extension the spawning populations, of saury off Mexico and 
Califomia flucmated considerafoly through the vean. The esti
mated quantity of adult saury in the area foetween central Baja 
Califomia and San Francisco ranged from 97,000 to 294.000 
tons per year, averaging 200,000 tons, foetween 1950 and 1966. 
The size of the total population in the northeastem Pacific is 
probably on the order of 450,000 tons. An annual limit of 
around 33,000 tons of adult saury, half of die estimated maxi
mum sustainafole yield has been suggested for the entire west 
coast stocks, including Canacfe. 

Susumu Kato 
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OCEAN WHITEFISH 

Hist0;7 of the Rshery 

Ocean whitefish (Caulolatilusprinceps). is a popular sport 
fish in souUiem Calffomia, b also a commerdal species, but 
landings in recent yean have been ratiier low. The greatest 

landings of whitefish were made in 1926, when 368,000 pounds 
were recorded in southem CaUfomia. Some ofthese fish may 
have been caught offBaja Calffomia. Landings since then have 
declined, but the value of ocean whitefish catch almost tripled 
from 1978 to 1989. 

Annual catches made from commerdal passenger fishing 
vessds ranged from 22,000 to 84,000 fish from 1977 Uuough 
1989. Most ofthese fish were caught near the Channel Islands 
and at offshore banks, particularly Cortez and Tanner Banks 
near San Clemente Island. They are caught exclusively with 
baited hooks, and no spedal fishing regufetions pertain to their 
catch The vidnity ofthe Coronados Islancb off Mexico b a 
favorite whitefish fbhing area for sport fishermea 

It is a food fish favored foy sportsmea and the small amount 
of ocean whitefish that b landed commercially is sold ui fresh 
fish markeb. It makes excellent sashimi, foeing comparable m 
flavor and texture to any of tfae most esteemed white-fleshed fisfa 
used for this purpose. In Japan, species of tilefish simifer to 
ocean whitefish command premium prices in the fresh fish 
narket. In faa, several yean ago, two longline fishing vessels 
were sent ftom Japan to fish for ocean whitefish at offshore 
foanks near southem Baja Calffomfe. Unfortunately, here in 
(California ocean whitefish has acquired a mbeed repuation 
because a few bitter-tasting individuals tum up every now and 
then. The cause of tlx bitter flesh is unknown, but these fish are 
evidenUy restrirted to shallow waten, espedally near kelp foecb. 
Smaller individuab make excellent aquarium pets, as they are 
tardy, handsome, active, and alert when placed in tanks. 

Ocean whitefish, Caulolatilus princeps. 

Status of Biotogical Knowledge 

Ocean whitefish are attractive fish with lobust elongate 
focxUes. They are white foelow and light forown on the foack, with 
fins marked with folue and yellow streaks and yellow margins. 

The range of ocean whitefish b from Vancouver, British 
Columfoia to Pem or possifoly to Antofagasta Chile, and the 
vidnity of the Galapagos blands. In (California it is common 
south of R Conception and rare to the north. Its depth range is 
30-450 feet, and its principal hafoiats appear to foe near offshore 
islancb and over shallow banks, at depths of 50-150 feet. 

The southem Califomfe popufetion of ocean whitefish is 
derived firom central and southem Baja Calffomia. No informa
tion is available on the timing or the size at which most ofthese 
fish migrate northward. It is also not known if Uie fish move 
south again to spawa or if any spawning occurs off Calffonua 

Fish close to spawning have been found in Baja Califomia 
from Oaober through April. Most lanae occur wiUiin 100 
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miles of the central Baja Calffomia coast These lanae are 
found throughout the year, but their numbers peak in summer 
Pefegic juverule stages barely one-haff inch long have foeen 
found far offshore from Baja CaUfomfe. JuvenUes move inshore 
by the time the fish reach 2.5 inches or so. At an age of sbc yean 
whitefish are 20-21 inches long and weigh three to four pounds, 
whUe at age 13, which is about their lffe spaa they average 
around 25 inches and 7.5 pouncb. Ocean whitefish may grow to 
a maximum of 40 inches and 12 pounds. 

Ocean whitefish have a relatively smaU mouth and ac
cordingly they feed upon smaU animals, includmg shrimps, 
aabs, pefegic red crafo, oaopi, squid and various fisfaes, 
espedally anchovy and fentemfish. They are usually encoun
tered over rocky grounds, and anglen find that they usually take 
tailed hooks foefore the lures reach foottom. 

Young ocean wfaitefisfa are eaten foy a numfoer of fishes, 
indudingalfoacoretima Older stages are prey for giant sea foass, 
sharks, and no doubt oUier large fishes. OtoUUis (eartxines) of 
whitefish found in middens at San Clemente Island attest that 
this fish was an imporfent food fish for Native Americans. 

Status of Population 
Because the center of distribution of ocean whitefish is far 

to the south off centtal Baja Calffomia, the numben of ocean 
whitefish near southem California have never been veiy high. 
The deaease in commercial landings after the mid-1940 's may 
not reflert reduction in availabiUty or abundance of ocean 
whitefish, but rather a disinterest by the market No infonnation 
b availafole on the size of the populations, either in southem 
California or in Mexico. 

Susumu Kato 
National Marine Fisheries Service 
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OCEAN SUNFISH 

History of the Rshery 
The ocean surffish (Mola mola) is presendy not sought foy 

most commerdal or sport fishermen here. Howevet a few 
fishermen who lave leamed from Mediterranean or Asian 
counterparts about ib excellent eating quality consider it a 
deUcacy. In Japan the Uver is also used as a condiment for 
sunfish meat sashimi, and in Taiwan the intestine is the most 
expensive part ofthe fish 

Ocean sunfish is not sold here, fout wholesale prices in 
Japan for the meat and liver are well over S5.00 per pound and 

Ul Taiwan lhe intestines bring over $ 11.00 per pound. The flesh 
of ocean sunfish has at times been reported to foe toxic, but a 
thorough review and investigation of such reports disclose no 
auUienticated case of poisoning from eating it On the conuan, 
it is considered delecable by Uiose Uat eat it Smce the flesh is 
somewhat watery, it is better to parfooU the meat to remove some 
mobture. The meat then foecomes fum, and die te.xtiire sunUai 
to that of shelffish The flesh is sometimes infested with long 
string-IUce parasites, fout these can foe easily removed and in any 
case, are not harmful when ingested. Anotha negative attribute 
b tfae low yield of meat found in sunfisfa. Because the skin and 
cartUaginous skeleton are so heavy, only about 20 percent ottht 
weigfat oftfae fisfa is edible flesh 

Only a few ocean sunfisfa are brougfat in foy fishermen for 
food and very UtUe reaches the fish market The fish are often 
caugfat in drift giUrwb wfaich target swordfish and sharks. At 
times as many as 200 sunfisfa are caugfat in a mile-long net but 
neaily aU the fish are released alive by tfae fishermen. Some 
sunfish are also caught inddenally in roundhaul neb togetiier 
with mackerel, anchovy, or sardine. Most inddental catohes of 
ocean sunfish are made in southem Calffomia, fout at times drift 
gillneners also catch sufostantial numtxn foetween San Fran
dsco and Pt Conception. Roundhaul net catohes are also made 
primarUy in southem Calffomia fout the smaU wetfish fleet in 
Monterey also capmres some sunfish. A few sunfish are also 
caught on hook and Une, as well as with harpoons. No fishing 
restrictions apply to ocean sunfish 

Ocean sunfish, Mola mola. 
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Status of Biotogical Knowledge 
The ocean sunfish is a peculiar looking fish, with a 

truncated Ixidy and no taU. Its sUvery foody is oval and com
pressed with tall slender fins sticking out near the posterior 
end Ib skin is leatfaeiy, and underiined with a tliick feyer of 
heavy cartilage. Ocean sunfish are found in most temperate and 
warm seas of die wortd Most sightings of Uus fish in Califoma 
are from south of Point (Conception during winter and spring, 
and from there to San Francisco in summer and early fall. 
Ocean sunfish are usually observed swimming casuaUy on the 
surface, wiUi their long dorsal fin sticking higfa up in Uw ai t fout 
tfaey are also sometimes seen lying on their side at the suiface. 
Sunfish no doufot also occur in midwater, wfaensver focxl oigan
bms are atiundant 

Linle is known afoout die nattiral hbtory of ocean sunfish 
Most sunfish caught in driftneb in southera Calffonua are 
under two feet long and less Uan 20 pounds, fout larger 
individuals to 100 pouixb or more are not uncoiiunoa The 
largest individuab reported in tfae Uterature were estimated to faave 
foeen over lOfert long and nearly aswide between thetipsof dorsal 
and anal fins, and weighing perhaps as much as 3,000 pounds. 

Spawning grounib have been found in the northwestem 
Padfie Oceaa at around 30° N latimde and 130° E longitude. 
One ferge femaleof about 4.5 feet was estimated to have had 300 
million eggs, although not all of those would be feid at one time. 
A few planktonic post-lanae of sunfish have been found on the 
high seas, but fertiUzed eggs or early laival sfeges are absent 
from pfenkton collections. The shape of young fenae b similar 
to that of other fishes, but Uie sunfish larva soon loses ib taU and 
acciuires a number of tong spUce-Uke projecttons aU over the foody. 

The ocean sunfisfa faas a small mouth and ib tertfa are fiised 
into a shaip-edged plate in footh the upper and lower jaw. It 
usually eab small cmstaceans, fish, mollusks, jellyfish and 
other soft-txxUed forms that are found near the ocean surface. 
Larger fish have also foeen found in their stonachs at times. Tfae 

long intestine of ocean sunfisfa is reminiscent of algae eaters, 
and mdeed seaweed has also foeen found in their stomachs. 
Sharks and sea Uons are the major predaton of ocean sunfish 

Occasionally they are seen on the surfece hovering pa-
tienUy whUe seabirds peck on their tough hides, apparentiy 
picking off external parasites. They also have been obsened by 
diven foeing "cleaned" of Uiese parasites try smaU fishes which 
do this service for many spedes of fish Ocean sunfish have 
frequendy foeen seen leaping high in the air, thougfa it's hard to 
imagine horv tfaey can fmd enougfa momentum witfaout tfae aid 
of a tail fin. Mass mortalities of smaU ocean sunfisfa faave 
occuned from August througfa Oaofoer in Monterey Bay, wfaere 
dozens ofthe sUveiy fish faave txen found dead on tfae sfaaUow 
foay floor or floating on the suiface. No explanations have been 
offered for such mass deaths. 

Status of Population 

Nothmg b known about the population size or stmcture of 
ocean sunfish. Since they occur tiuoughout most temperate and 
warm seas, it is possible that aU ocean sunfish are part of a single 
popufetioa at least in the Pacific Ocean. In (Calfforrua Uiose 
that are caught are usuaUy retumed to the ocean alive by 
gillnenen and since there b no direaed fisheiy for them, 
abundarxe of ocean sunfish here b probafoly ratiier unfform 
fitim year to year. The effert of mass mortalities b unknowa fout 
they no doubt cause towered popufetion levels in localized areas. 

Susumu Kato 
National Marine Fisheries Service 
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MARINE RECREATIONAL FISHERIES 

History ofthe Rsheries 
Marine recreational fishing is an important scxnal, cul-

mral, and economic influence in Calffomia. The National 
Marine Fisheries Seniee's Marine Reaeational Fisheiy Statis
tics Suney (MRFSS) daa for (CaUfomia indicate that some two 
million people made over seven million trips and caught nearly 
32 milUon salt water fish in 1989. Anglen' expendimres in 
1989 were estimated to foe $260 million in northem Calffomia 
and $536 miUion in southem Calffomia, for a total value of 
$796 mUUoa About two thirds of the marine reaeational 
fishing artivity is in southem Calffomia, fitim San Luis Obispo 
County to the^Mexican tnidecX^alifbraia narine reCTeational 
fishing is foroad foased and involves numerous spedes (eg. 
foillfish, salmoa striped foass, ttma, txittomfish, and shellfish), 
as well as various forms (eg. pier/jetty, foeachbank, conunerdal 
passenger fisliing vessd (CPFV), and private fooab). 

An angler enjoying a peaceful moming of fishing off lhe rocks. 

A natural geographical separation exists between 
Califomia's narine recreational fisheries in northem Cali
fomia and in soulhem Calffomia The region off Point Con
ception is an oceanic ttansition zone foetween the north and 
south. North of Point Conception the water b cold and sea 
conditions are often severe. To the south, waten are usually 
warmer, and sea concUtions more moderate The species 
composition of die two regionsisalso different. Sport fishes diat 
are common in northem Calffomia are icxkfbh, lingcod 
surfjxrch smelt salmoa striped foass, sharic, and smrgeon. 
Those vvhich chararterize southem CaUfomfe mclude rockfish, 
Padfie mackerel, kelp/sand bass, Calffomfe barracuda, Pactfic 
bonito, Calffomia sheephead white seafoass, Califomia halifout 
yellowtail and striped marlm. In warm periocb yeUowfin and 
bigeye tuna dolphin (fish), jumbo squid and other spedes com
mon in Mexican waters find Uieir way uito soulhem Calffomfe. 

Marine recreational fishing is a year-round adivity involv
ing many gear types, and ranges from single to multi-spedes 
fisheries. The most prevalent gear type in the fishery is the rod 
and reel, which may be used with artfficial lures, live bait, or 

Fishing for sharks, such as this leopard shark, has grown in 
popularity in recent years. 

dead bait Hcxip nets, spean, shovels, hancb, and various otiier 
implements are also used. Hoop netten generally arget aabs, 
lobsten, or shrimp. Spear fishen, primarily skin and SCUBA 
(Uven, target a wide variety of finfish (invertebrates are also 
argeted by divas fout without die aid of spears). Shore pickers 
usually arget invertebrates, most commonly working at low 
tides when searching beneath rocks or digging in the sand is 
most prcxluctive. Shore pickers also arget finfish particularly 
the Calffomia gnmion (soulhem Califomia) and surf smelt 
(norihem Calffomia). 

Analyzing the concUtion ofmarine recreational fishing in 
Califomia is a complex matter affeaed by numerous variables 
(e.g. spedes abundance, fishing pressure, regulations, oceanx 
and weather conditions, and the type of equipment used). 
Oceanic and weather conditions can affea species' healtii and 
composition as well as accessibility. The condition of argeted 
fish stocks affects fishing pressure and catch ttends. Fishing 
methocb and gear may influence catch and catch-per-unit-of-
effort. Regulations refeted to size limiations, area or seasonal 
closures, bag limits, and species closures also have pronounced 
effecb on catch satistics fout are not easy to interpret when 
reviewing ordy the numerical cfeta It is also necessary to 
distinguish foetween catcfa and fendings, terms that are often 
used interchangeafoly Catch refers to the numfoer of fish 
forought to the fooat and landings to the numfoer of fish kept 
Differences foetween catch and landings result primanly from 
catch-and-rdease fishing and adherence lo minimum size 
limiations. In 1989, forty-eight percent ofall fish caught were 
released alive. Forty-two percent of tiie fish released in southem 
Califomia were in die mackerel group (low value to many 
fishermen) or the kelp/sand foass group (all have minimum size 
limits). Fish having size limits are typically released in large 
numbers. In 1989, for e.xample, 93 percent ofall Califomia 
halibut and 87 percent ofall (Calffomia banacucfe were released 

Fishing participation varies annually, but since 1980 has 
usuall.i been about two million people In 1989. 2 2 million 
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marine recreational anglers made about seven miUion fishing 
trips, a decline of 26 and 34 percent, respeaively, for northem 
and southem California when compared to 1980. During 
approximately the same pericxi (1980-1990) there has been a 29 
percent decrease ui the sale of annual resident fishing licenses. 
Reasons given by suney respondents for the deaease included 
loss of interest lack of time, no available fishing partner, and 
concem afoout pollution. A fourfold increase in Sate fishing 
Ucense fees between 1979 and 1990 (to $20.50 peryear) may 
also be a factor in the reduced sales, although a smdy conduaed 
for the (Calffomia Department ofFish and Game did not find 
such a correlation The recent dedine in CaUfonua reaeational 
fishing is even more dramatic than the above trends indicate ff 
die 25 percent maease m Calffomfe's population between 1979 
and 1989 is considered 

Thousands of anglers utilize fishing piers daily, especially in 
soulhem Califomia. 

In 1979, die MRFSS was started by die National Marine 
Fisheries Service in cooperation with the Calffomfe Depan
ment ofFish and Game and die Pacffic Sates Marine Fisheries 
Commission. Through 1989. no consistent trend in total catch 
was apparent Between 1980 and 1989, catch averaged 40 
million fish per year (plus or minus seven mUlion fish), except 
for die peak catch of 72.2 million fish m 1980. Sport caught 
salmon (not included in the atxive dafe) do not have a sigrufi
cant effect on die lotal catch numbers, as they averaged only 
115,000 fish per year during the same time period Neverthe
less, the salmon fisheiy is important economically m centtal 
and norihem Calffomia 

Betw een 1980 and 1985, fishing from private txats was the 
dominant fishing method (35 percent), fishing from manmade 
stmaures was next (25 percent), while CPFV's and beach/bank 
were each afoout 20 percent. RecenUy, there faas foeen an inaease 
in the CPFV mode to about 30 percent while the beach/foank 
and manmade struaure modes have decUned 

Trends in marine recreational fishing prior to 1980 are 
reflected in CPFV landings data CPFV landings increased 
gradually from two nullion fish in 1947 to nearly six million 
fish in 1969. This ttend was generally accompanied by an 
inaease in fishing effort, better equipment and larger and 
newervessels. Since 1%9, there havebecnonlyfivevea^s\^hen 
CPFV landings exceeded the 1969 peak. 

Commercial passenger-carrying fishing vessel (CPFV) trolling 
for salmon near the FaraUon Islands. 

Dafe on Ux total numfoer of anglen using CPFVs have 
foeen avaifefole since 1960. These daa show that there was a 
steady inaease from afoout 600,000 anglen in 1960 to 873,000 
m 1970. GeneraUy, participation has remained above 700,000 
since then, witfa the exception ofa dip in 1986 to 660,000. 
Altfaougfa angler paiticipation on Califomia CPFV's has gradu
ally increased since 1985, the increase has not foeen great 
enough to prevent some vessels from going out of business. 
Starting in 1947, the numfoer of CPFVs rose steadily from 343 
to a peak in 1954 of 612. A decline in the numfoer of vesseb 
ensued reaching a low of 287 in 1985. Since thea there has 
been a modest increase to 309 in 1990. The recent decUne in the 
viability ofthe CPFV industry is related to a numfoer of feaors, 
such as reduced fish availability, high operating costs, competi
tion with other reCTeational activities, and a sluggish economy 

The late 1960's, early 1970's and early 1980's yielded the 
best CPFV landings. However about 50,000 more anglers 
landed the same numfoer offish in 1988 aswere landed in 1963. 
Conversely, it took afoout 70,000 more anglers in 1967 to equal 
the 1988 landings. The lack of consistent ttends in catch-per-
unit-of-effort for CPFVs may be misleading in that less desir
afole spedes and/or smaller size fish seem to be more common in 
recent landings. (See CPFV statistics for 1947-1990 in appendix). 

The upmm in CPFV landings since 1986 can be attributed 
largely to steady increases in the fendings ofthe kelp/sand bass 
complex and rockfishes. Rockfishes have been the most abun
dant component of annual CPFV landings in recent years, 
peaking in 1967 at about four million fish. Rockfish landings 
were about three million fish per year through 1982, dropped to 
about 2.3 mUlion fish in 1983, and have been below that level 
ever since (through 1990). The kelp/sand bass complex gener
ally comprised the second most afoundant category during Uiis 
time period, e.xcept foetween 1977 and 1985, when die Pacffic 
mackerel moved to second place. The high CPFV Pacffic 
mackerel fendings foetween 1977 and 1985 were coincident 
wiUiawarmingttendtxtween 1975 and 1985 that included two 
El Niflo evenb (I976-I977 and I982-I983). Recently kelp/ 
sand foass CPFV fendings have averaged afooul 700.000 fish per 
year, with a peak of 1.3 milUon in 1968. 

The MRFSS and the California Department of Fish and 
Cianx CPFV fending daa for the coinddent period of record 
(1980-1989) tend to agree on the most abundant speaes taken 
in Calffomia. Actual ranking of different speaes vanes annu
ally but is relatively similar For example, rockfish. kelp/sand 
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bass, and Pacffic mackerel, respectively. usuaUy ranked as lhe 
top three spedes landed; the order, however, was not always the 
same in both suneys. 

The hanest of inverteforates is an important element of a 
number ofmarine recreational fishing activities. Abalone and 
lobster are the most impxrtaht spedes for marine reaeational 
cUven. Shore picking targeb a wide variety of invertdirate 
species, such as moon snails, mussels, and various dams. 
Abalones. pismo clams, and rock CTabs are the most important 
species for shore pickers. A recenUy completed southem Cali
fomia sport fish economic sun'ey showed Uiat in an eight-
month peiiod (Maich-October 1989) some 380,000 
shelffishingtripswerenacie,46percentforabalone, 30percent 
for lofosler, and 24 percent for cfems. Catch and effort dafe for 
the sport shellfisfa fishery are sparse, altfaougfa there are indica
tions Uiat both are declining. Abalone catch and catch-per-unit-
of-effort are cleaily on the decline, a sittation that can be 
attributed to a combination of fartors, including increased sport 
and commerdal fishing pressure, expanding sea otter popula
tions, pollulioa and poaching. 

Califomia rrarine reaeational fishing is not confined to 
Califomia waten. Annually, between 1985 and 1990, approxi
mately 127,000 trips were made to Mexico, most of them 
onginating in San Diego. Recreational fishing trips to Mexico 
can foe generally separated into long-range, multi-cfey trips and 
short-range trips of one day or less. Target species for the long-
range fishery are yellowfeil, dolphin (fish) and mnas. Short-
range trips concentrate on rockfish, kelp foass and foanacuda. 
Since 1980, catches of tuna (alfoacore, foluefin, skipjack, yellow
fin) were the most abuncfent in five ofthe yean and rockfishes 
in four Annual lancUngs have averaged 271,000 fish, witfa a 
peak of404,000 and a low of 183,000 foetween 1980 and 1990. 

Marine Recreational Fisheries Issues 

Among the concems reported foy anglen are the impact of 
narine mammals on fisheries resources, habitat deterioratioa 
and overfishing. Some sport fishing groups are becomingactive 
in fisheries management issues from Ixitfa a political and 
scientffic penpedive. 

California sea lions and haifoor seal populations have 
generally txen increasing since the passage of the Marine 
Mammal Protection Art of 1972. Since Uxu diet consisb of 
fish, they compete with many favored sport spedes for focxl. In 
some cases they also compete directly with fishermen. At the 
mouth of the Russian River a sizeafole haibor seal population 
feeds on steelhead. The e.xpaiiding range and popufetion ofsea 
otten is increasing the competition for shdtfish sucfa as the 
afoalone, pismo clam, and lobster Whether the competition b 
for prey species or species targeted foy the fisheries, the impact of 
increasing marine mammal populations is felt by sport fishermen. 

Habiat deterioration is a di red threat to the healtii of nany 
fisheries resources. Water management in Calffonua has not 
placed a high priority on maintaining fish habiat compared to 
other uses. About 85 percent of die Sale's water use is for 
agriculture, often at the expense of fish. Water diversions 
deprive estuarine zones of essential nutrients and freshwater 
inflow, confiise and delay migrating fish, and kill fish in 

pumping plants. The last sLx years of drought has exacerbated 
water problems in Calffomia, but that is not the primary cause 
ofthe deterioration offish habiat. The water problems ofthe 
Sate wiU probably continue as long as agricultural water costs 
are subsidized Largely as a result of past water management 
practices, the Sacramento River winter run chinook saUnon has 
been designated as Uueatened (August 1989) and Uie striped 
bass, delfe smelt and other populations have decUned signff-
icanUy Most salmon and steeUiead rans face similar problems 
in Calffomfe. Indeed tfae mns faave all but disappeared from the 
San Joaquin River system. 

Recreational fishing is often a family activity. 

Groundwater removal and urigation retum flows present 
additional Uireats. Lowering ofthe water tafole, a consequence 
of groundwater removal, causes streams to dry up or run 
intermittenUy. Irrigation retum flows are polluted with fertiliz
ers, pesticides, and herbiddes, and are warm and tiubid. all of 
which can foe lethal or chronically defoiliating to fish. Industrial 
effluents cause simifer results. 

Wetiand destmction also has taken a signfficant toll. Since 
die late 1800's, afoout 90 percent of Calffomia's coasal wet
lands have been eliminated. Wetfends are an essential element 
in the production of many kinds of nutrients, and their elimi
nation has had a permanent adverse impart on fisheries re
sources at every trophic level. 

Arguments persist over the allocation of fish stocks be
tween commercial and sport fishers. High seas drift gillnet 
fisheries (beyond 200 miles from shore) have been implicated 
as a factor in reduced salmon and alfoacore catches A perceived 
concem (not substantiated foy daa) that coastal gillncning is 
having a signfficant effect on the sport catch (especially rock
fish and Califomia halifout) was an issue in the 1991 referen
dum by Calffomia voten that will eliminate the use of gill-ncis 
in Sate waten by Januaiy 1, 1994. Concem for seabird and 
marine mammal kills was also an important faaor in the 
passage of Uie referendum. 

Species presently closed to marine sport fishing in Califor
nia are die garibaldi, giant (black) sea bass (sport limn was one 
fish until 1982). broomtail grouper, and Guff grouper The 
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closure for these fish is due largely to their vulnerability to spear 
fishing; adcUtionally, the groupen comprise small populations 
extending into southem Califomia from Mexico, 

Green sturgeoa eulachoa delto smelt longfin smelt and 
various runs of chinook and coho sal mon are being reviewed for 
nomination to threatened or endangered sams. Although rock
fishes continue to lx a key component ofthe sport catch, they 
have potential to be overfished as they are a slow-growing long-
Uved fish (some may live 50 to 70 years). Sharics are another 
long lived group of fishes that have recently foeconw popular 
among sport fishermea Recent research indicates that at least 
some rockfish and shark stocks are foeuig overfished and da t 
additional management requuemenb may be needed 

Many private and pubUc projecb are condurted to enhance 
marine recreational fishing m Calffomfe. Since 1958, the 
Califoma Department of Fbh and Game has fouilt 32 artifidal 
reefs, whicfa atttart aggregations of sport fishes and prey spedes 
and contribute to production of fisheries resources. Additional
ly, a number of hatcheiy projecb have been undertaken, mosUy 
by privaie organizations, to raise fish for ocean release. Most 
nofefole arc several salmon rearing projecb, a Calffomia hali
but and a white seabass rearing projert. Hatchery programs 
account for afoout haff of the State salmon production. The Sate 
of Calffomfe has also conducted a numfoer of experimental 
projects to reestafolish afoalone stocks in depleted areas; how
ever, sunival has generally been low. A common concem for 
many of these projects is a need for foetter evaluation of the 
success, effectiveness, and foenefits they are designed to provide 

Marine refuges, resenes, and sanctuaries are also bdng 
used to provide a safe haven for various kinds of marine lffe. 
Such areas can provide a source of seed stock to areas oubide of 
the haven. Havens have been established by various govem
ment agendes for many purposes, and include smaU estuaries, 
short stretches of shoreUne, subtidal areas and expansive areas 

of ocean. Each has its own set of regufetions, and may be 
managed to protect a single spedes, selected groups of marirx 
Ufe, all marine Ufe, or to protect a habitat. CaUfomia has 53 
marine havens; only a few, howevet are managed to prohibit 
die take of aU marine Ufe. The 1991 gUUirt referendum in
cluded a provision for adding four new marine refiiges ui 
(Calffonia by January 1,1994. 

Presentiy, with the exception ofa few species, the marine 
reaeational fisheries in (CaUfomia are in reasonably good 
shape. Howevet the cumufetive effect of various environmental 
problems coinddent witfa overfisfaing of some species, nay lead 
to decUnes in more of the resources ff effective management 
poUdes are not unplemented 

Maitui F. Golden 
National Marine Fisheries Service 
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MARINE MAMMAL RESOURCES 

PINNIPEDS 

History 

There are sLx pinniped species inhabiting the Calffomia 
coast and offshore bfends: Uie Calffomia sea lion (Zalophus 
califomianus), SteUer (or northem) sea lion (Eumetopiasjuba
tus). Pacific hartior seal (Phoca vitulina), northem elephant 
seal (Mirounga angustirostris), northera fiu seal (Callorhinus 
ursinus) and Guadalupe fiu seal (/Irclocephalus townsendi). 
Tfae ribfoon seal (Phoca fasciata) and tfae faooded seal 
(Cystophora cristata) faave been reported in Calffonua waters, 
but these were extremely rare evenb and tfaey are not considered 
normal Calffomfe vbiton. 

The CaUfonua sea Uon and Pacific hartxir seal are probably 
tiie best known and most often seen pinnipeds ui CaUfomfe 
waten. Calffomians and vbiton from around the world enjoy 
watching the playliil behavior ofthese arumals cavorting in the 
water near shore or hauled out to rest on buoys, rocks and other 
solid objects. They also enjoy seeing them m pufolic display 
aquaria or as performen in animal shows at zoos and parks. 
Pinnipeds are amusing and intelligent entertainers, fout there is 
another aspect ofthe pinniped story which is refeted to their diet 
offish and theu expancUng populations. 

In recent yean, (Calffomia sea lions have gained notoriety 
by taking over portions of marinas in Monterey and San 
Frandsco Bays and by eating endangered or threatened salmon 
and steelhead moving upstteam to spawa Marina operaton 
and boat ownen consider them a major nuisance, fout revenue 
brought by tourists eager to see tiiem has quieted many of their 
complaints. Some who fish commercfeUy or for sport believe 
Uiat pinnipecb compete for fish or are costiy pests consuming 
tons of valuafole fish desttoying valuable fishing gear and 
interfering with fishing operations. They complain that any sea 
Uon is attraaed to fishing operations and that the mere presence 
of a sea lion scares fish away from die fishing area Research 
biologists speculate that most of those problems are caused by a 
refetiveiy few "rogue" pinnipeds. Tfaose rogues have leamed 
tiial a fish caught in a net or hcxiked on a line b an easier meal 
Uan a free-swimming fish A najor concem is that thb 
behavior will spread as the pinniped popufetions grow. 

Faced with deaeasmg catdies, inaeasing marine mam
mal popufetions and inaeasing fisheiy interactions, some sport 
and commercfel fishers contetid tfaat sea Uon popufetions faave 
reached tix point where nuisance animab should foe extermi
nated On the other hand, environmental grcxips and marine 
mammal aficiorados support these anuiab and feel their 
popufetions should be allowed to inaease unimpeded by hu
man uiteresb or neecb. 

Food habit studies conclude Uat pinnipeds consume a 
variety of prey spedes, depending on availability, and that 
contraiy to claims made by many fishen, die normal pinniped 
diet does not usually include fish which are considered valuable 
for sport or sale. Their main diet consisb of fish such as 
anchovies, mackerel, herring, hake, rockfish, salmoa and 

cephalopods such as squid and octopus. An example of Uieir 
opportunistic feedi ng foehavior was seen during die 1982-1983 
El Nifio event. Pefegic red crabs, usually not found m large 
numfoen off Calffomia, were very afoundant at that time, and 
were found to be a major diet component for sea Uons untU 
ocean concUtions remmed to nonnai. 

In the 1860's and 1870's, many pumipecb were kiUed for 
Uidr oil or foody parts and many females (cows) were captured 
for dispfeys or aninnal arts. Pumipecb were hunted commer
daliy until 1938, when Calffomia few gave Uiem complete 
protection from hunting Nevertfaeless, sport and commeidai 
fishen were free to kUl sea lions and hartxir seals that were 
destroying gear or otherwise interfering with fishing opera
tions. In 1972, the Marine Mammal Protection Art was passed 
prohifoitmg tfae ake (pursuit faarassmem, capmre, or kiU) of 
marine mammals except under spedal permitted conditions. 
Such contUtions include research pufoUc display, certain fisheiy 
interactions, or entanglement in fishing gear. 

To determine the extent ofthe mtentional and acddental 
kills in various fiisheries, ofosenen were placed afooard fishing 
vessels. Their ofoservations, along witii calculations offishing 
effort were used to estimate total numben ofmarine mammab 
killed during fishing operations. In Calffomfe waten, it was 
estimaied that 2,000 to 4,000 Calffomfe sea Uons, fewei than 
100 elephant sealsand txtween 800and 2,000 hartxir seals were 
killed annually during the 1980-1990 period 

Research has been conducted on meUio(b of redudng Uw 
impacts that pinnipeds have on ceitain fisheries. Taste aversion 
substances and acoustic harassment devices have been tested 

. but have met with only moderate success. In most cases, Ux 
aninals appear to accUmate to the detenenb, and sometimes 
have used the purported scare devices as "dinner foeUs" sigmfy-
ing active fishmg fooab and an easy food source. 

Status of Biological Knowledge 

Califomia sea Uon, Zalophus californianus. 

Califoraia sea l ioa The Califomia sea lion ranges from 
British Columbia souUi to Tres Marias Islands off Mexico. 
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Breeding grouncb are mainly on offshore islan(b from the 
Channel blands south into Mexico. Bree(Ung takes place in 
June and early July within a few days after the females give 
birth The pups are weaned at six months to a year or more. 
Males and females reach sexual namrity- between four and five 
years of age. Males weigh txtween 500 and 1,000 poun(b and 
reach seven to eight feet m length Females weigh between 200 
and 600 pounds and reach six feet. Adult males have a pro
nounced sagittal crest (a ridge on top of die skull extending from 
die forehead to the rear of the skull), a charaaeristic distin
gubhing thb spedes from the Steller sea lion. Food of the 
CaUfomfe sea Uon consisb fergely of squid odopus, and a 
variety of fishes (anchovies, mackerel, herring, rockfish take, 
and salmon). 

Sleller sea Uon, Eumetopias jubatus. 

Steller sea Uon. The Steller sea lion'sdistribution parti ally 
overlaps that of the Calffomia sea lion. It ranges from the 
Bering Strait off Alaska to southem Calffonua Bree(Ung 
grounds e.xtend from the Pribilof Islands to the Charmel Is-
fends; however, only a smaU percenage foreeds south of Aiio 
Nuevo Island The largest breeding colonies in (Califomia are at 
Alio Nuevo and the Farallon Islands. BreecUng is in fete June, 
after which the arumals migrate northward. This spedes b a 
awny or yellowish-brown color in contrast to the (ferker 
reddish color ofthe Calffomfe sea lion. Malesare 1.5(X) to 2,200 
pounds and reach a length of 13 feet Females can weigh a linle 
over 600 pounds and reach a length of nine fert. Food of the 
Steller sea lion consists primarily of squid and fish Because of 
recent declines in the popufetioa Stellar sea Uons have been 
designated as threatened under the Entfengered Spedes Act. 

^?^^ -

Cedros Island offBaja Calffomfe. For maragement purposes, 
the U.S. haibor seal population has foeen divided into three 
stocks as follows: I) Washington inner coastal waten, 2) 
Washington and Oregon outer coastal, and 3) CaUfonua. In 
Calffomia, hartxir seals are abundant along the entire coast 
Adult male Pacific hartxir seab reach a length of six fert and 
weight of up to 240 pouncb, while females reach 5.5 fert and 
275 pounds (when pregnant). The coloration pattems of adulb 
vary from bfeck with white spob to white with fofeck spob. 
Breedi ng season varies with fetitude, starting in April to May on 
the Channel Islancb of southem Calfforaiaand continuing later 
up Uw coast Age at sexual mattuity b three to four yean for 
females and five yean for males. Newfoom pups are approxi
mately 3 2 inches in length and weigh afoout 22 pounds. They are 
weaned at five to six weeks at an average weight of 50 pounds. 
Adult females ovufete and mate at die end of weaning, wiUi a 
two-month delayed implantation of the developing emfoiyo. 
Their diet consisb of fishsuchasflounden, herring, tomcod take, 
and lampreys, and cephalopods such as squid and odopus. 

Pacific harbor seal, Phoca vitulina. 

Pacific harbor seal. The Pacific hartxir seal ranges along 
tiie northwest coast of America from the Guff of Alaska to 

Northern fiir seal, Callorhinus ursinus. 

Northera fur seal. The northem fiu seal is one of the foest-
known seals in the world foecause of ib valuable fiu, for which 
it was hunted to near extinction Historical popufetions cen
tered on die Prifoilof bfends, Alaska, are estinated at two 
million aninals, fout in 1911, when intemational Ueaties were 
esafolished to protert and manage Uib spedes, there were fewer 
Uian 125,000 animals. San Miguel bfend off Sana Baifoara 
Califomia, hosts a small foreecUng colony and is the soutiiem-
most extent of ib range. The peak foreeding and pupping period 
is in July. After foreeding, tfae males migrate out to sea where 
they spend as many as 10 months. The pups are weaned at four 
months of age and are left to travel in the northward migrations 
on theu own Fur seab are distinguished from sea 1 ions by tfaeir 
pelage, composed of a veiy dense undercoat and a thinner, 
coarser feyer of guard hain. and by Uxir relatively long flippers. 
The northem fiu seal b closely refeted to Uie Guadalupe fiu seal 
and is distinguished from ib close refetive by its veiy short 
muzzle. Males reach a length of eight fert and weigh up to 700 
pounds. Females are only four to five fert in length and weigh 
about 130 pounds. Sexual maturity is attained between three 
and scv en yean of age, with longevity reponed to be up to 26 v can. 
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Guadalupe fur seal, Arctocephalus townsendi. 

Guadalupe fur seal. The Guadalupe fiir seal was 
presumned extinrt untU 1926, when a group of 60 animals was 
eUscovered on Guadalupe b land Mexico. The population b 
recovering slowly from near extinaion forought about by sealen 
m the last cenmry. This is a rare pinniped in Calffomia waters, 
seen only occasionally at islands in the Southem Califomia 
Bight They breed only on Guadalupe Island and the total 
population is estimated to be less than 2,500 animals. They are 
identified by a "coUie-Uke," long pointed muzzle. Males reach 
up to six feet m length; females are slightly smaller 

Northern elephant seal, Mirounga angustirostris. 

Northern elephant seal. The comeback ofthe northem 
elephant seal, die largest of aU the seals, b one of the great 
success stories for an animal threatened with extinction. Male 
elephant seals reach a length of 15 to 16 fert and weigfat of about 
4,000 to 5,000 pounds. Females reach a length of II fert and 
weigh about 1,700 pounds. The male develops a bulbous 
enlargement ofthe snout from which, along with ib size, it gets 
its common name BreecUng colonies exist on San Miguel 
Island, Sana Barfoara Island San Nicolas bfend Alto Nuevo 
bland. Southeast FaraUon Isfend and Point Reyes PeninsiUa 
They have also txgun hauling out at several other mainland 
siles where historicaUy they did not haul out The breecUng 
season is from December through March. Harems consist of 
one male and eight to 40 females. The gestation period is about 
11.5 montiis. Pups are weaned foy fourweeks fout remain on the 
rookery another eight to 10 weeks, sleeping during the day and 
gradually sarting to enter the water at night. Departure from 
the rcxikeiy occurs at an age of approximately three months. 

Females begin breeding as young as two years of age. Males 
reach sexual mamrity at five years; but older, ferger males 
prevent young and sodally immamre males from mating uniU 
they are at least eight or nine yean old. Males and females bodi 
Uve about 14 years. 

Elephant seals do most of tiieir feecUng at night and 
probably in deep water as evidenced by the fed that Uiey have 
been caught in neb at 2,000-foot depUis. Time-depUi recorder 
experimenb show Uat elephant seals can dive to 5,200 feet and 
stay beneaUi Uie surfece for up to an hour. Stomach content 
analyses indicate that they feed on small shades, rays, raffish, 
rockfish, and squid 

Status of Populations 

The Marine Mammal Protection Ad recognizes marine 
mammals as components ofthe marine ecosystem and requites 
maintenance of stocks atiove levds at which they would lose 
their funrtion in the ecosystem. In practice, marine mammal 
management b duerted toward mainaining the optimum 
sustainable population size (OSP) for each spedes wiUiin its 
geographical range. To foe optimal, die population size should 
be between the rate at which maximum growth occun and Ux 
carrying capadty ofthe environment A variety of procedures 
are used to asses population sams. 

Califoraia sea lioa Cal ffomia sea lions breeding on U. S. 
rookeries are assumed to comprise a single stock. Their status 
was last assessed in 1986. At that time, there were approxi
mately 17,800 pups counted on U.S. rookeries, representing 
21,000 births. That number of births would represent a lotal 
U.S. population (stock) size of afoout 87,000 animab. More 
recent unpublished dafe suggest that the population had grown 
to afoout 120,000 animab by 1991. The growth rate was assumed 
to be equal to that obsened before the 1983 El Nuto event at whkh 
time Ux Calffomfe sea Uon population in Ux SouUxm CaUfomia 
Bight was near the lower end ofthe OSP range. 

Steller sea lioa Population estinates for northem sea 
Uons are based on counts of animab hauled-out during the 
foreecUng season. A decUne ofthis spedes is occurring Uirough
out ib range, including the Guff of Alaska and Aleutian bfends, 
which support 75 percent of the world's popufetion. The current 
west coast popufetion of northera sea lions is around 68,000 
animals, which b less than haff of the popufetion level during 
1956-1960. The dramatic decUne in numben of SteUer sea Uon 
Uiroughout most of ib range has prompted ib Ibting as threat
ened under the Endangered Species Art and depleted undei the 
Marine Mammal Protection Act 

Pacific harfoor seal From aerial census data, the harfoor 
seal population along the CaUfonua coastappean tobe inaeas
ing, and concurrently, the number of occupied sites has in
aeased In 1991, the mainland count was 18,346 seals, and Uw 
count for Ux eight Channel bfends was 4,743 seals, for a 
minimum population estunate of 23,089 seals ui the Califomfe 
stock. Thb b a minimum populatton estimate because a substan
tial fraction ofthe popufetion b not hauled out during Ux census. 

The 1986 assessment did not confirm that die slock was 
la rge enough lo fall within the range of OSP, but the counts since 
1982 indicate thatthe rate ofgrowth maybe slowing. However, 
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Uie occurrence of die 1983-1984 El Nuio and the possibility of 
uiaeased incidental fishing mortaUty might have affeaed the 
population dynamics ofthis stock. It is Ukely Uiat Uie sunival 
and reprodurtion of haifoor seals were altered during the El 
Niflo period and that some of those effecb penisted for several 
years. Additionally, fishing effort in Uie gill net fishery in
aeased substantially during the 1970-1990 period and the 
resultant kill of harbor seab undoubtedly altered the popufetion 
stmaure. Fishing effort in the gUI net fishery is currently 
declining and should foecome less of a mortality fertor for 
harfoor seals. 

Nortfaera fiir seaL In 1983, tfae estimated abundance was 
about 1.2 milUon. No sigmficant changes faave Ixen docu
mented since Uat time, altiiough recent counb of Aleutian 
bfend animals deaeased. Tfae adult count at San Miguel 
bland, the only pfece in Calffonua where the northem fiu seal 
foreeds, was around 4,000, which was a very small percenage of 
the wortdwide population in 1984. Fur seab are occasionally 
taken incidentally in the high-seas giUnet fisheries for salmon 
and squid They also entangle in discarded fishing debris and 
die. Although entanglement mortality b not known, there is 
evidence that it may be contrifouting to declining trends m the 
Prifoilof Island popufetion. That popufetion has foeen designated 
as depleted under the Endangered Species Aa and the Marine 
Mammal Protection Act Funher research on population as
sessment and ttend analysis for the Calffomfe Channel Island 
popufetion b needed lo determine its size and growlh rates. 

Guadalupe fur seal. The historical dbtrifoution and abun
dance ofthe Guadalupe fur seal are unknown foecause commer
dal sealen and other ofosenen failed to distinguish between it 
and the northem fiu seal m thdr records. This spedes, once 
Ui(Hight to be extinct tias an estimated popufetion of afoout 
1,500 to 2,000 animals, with an annual pup pioduction of 
approximately 200 pups. Altfaougfa the priinary foreeding 
colony is on Guadalupe bland recent sightings of achUt and 
juvenile seals on some of the Cfaannel Islancb suggest that 
recolonization of that area may occur in the fiiture. The Gua
dalupe fur seal is Usted as tfareatened under tfae Endangered 
Species Art and deplrted under tfae Marine Mammal Prdection 
Act These listings are tiased on the concept that the popufetion 
could foecome endangered within the foreseeafole fiiture, even 
Uiough it currently does not appear to foe in danger of extinrtion 
The popufetion b foeuig dosely monitored 

Northera elephant seiL Ttw exploitation and sufosequent 
recoveiy of the northem elepfaant seal popufetion is a remark
afole story. Biologists estimate tfaat only 100 to 500 animals were 
left on Guadalupe Island foefore protective legbfetion was 
passed. They claim that the entire current popufetion may have 
originated from tlus smaU group of ammals. Based on pup 
counts, the current U.S. popufetion faas grown to an estimated 
80,000 animals, ranging from Alaska to Baja (California. The 
apparent growth rate since 1980 has been about 8.75 percent 
annually. Annual suneys indicate that this species has 
reoccupied most or all of ib historical rookeries and hauling 
grounds. Using dafe Uirough 1986, Uie popufetion appean to foe 

wiUim the OSP. Presumably, Uie increased size ofthe popula
tion may lead to mcreased mteractions wiUi fisheries and oUier 
human activities. 

Doyle Hanan 
(Calffonua Department of Fbh and (jame 

Joyce Sisson 
National Marine Fisheries Service 
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WHALES, DOLPHINS, AND PORPOISES 

History 

Marirx mammals played an important role in shaping the 
eariy histoiy of CaUfomia By die late eighteenth centtuy, 
Englbh whaleships had voyaged to the waten of Calffomia ui 
search of sperm whales. Portuguese immigrants from the 
Azores and Cape Verde foUowed in the 1840's, manning and 
operatingthe fust shore-tased wliaUng industiy. Shore whaling 
was distind from ninrteenUi centuiy Yankee pelagic whaling, 
because wfaales were pursued from a vessel feunched from a 
neartiy coastiine Deploying row boab from shore and using 
harpoons, whalen typicaUy pursued capttued and towed 
whales back to the whaUng stations. At shore-tased whaUng 
sations, worken extracted oU from the whale's blufofoer The 
lure of gold and quick prosperity brought numerous crewmen 
from New England's whaUng industiy in the fete I840's and 
early 1850's. After die gold rush abated many remmed to theu 
prcv ious occupations on whaling ships. The eariy shore-foased 
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whaling industry- in Califomia primarily caught gray and 
humpback whales, because shore whalers were limited to 
within 10 miles ofthe coastline. Howevet whalers occasionally 
tcxik the right blue, and fin whales, more highly prized due lo 
the greater oU content of theu blubber Until 1901, at least 15 
stations operated al various locations between Crescent City-
and San Diego. 

After more than 40 yean of whaling along the (Califomia 
coast whale populations and the demand for expensive whale 
oil declined and sutisequently the whalingindusiry became less 
profitable ui the late 1800's. Nevertheless, modem whaling 
vessels caught a smaU number of gray whales and many 
humpback whales in Calffomia waten after the tum of the 
centiuy. Powered by engines, mcxlem whaling vessels hunted 
whales mpre effidentiy through the use of explosives, mounted 
cannons, and grenades. Whalen would deliver carcasses to 
floating processing plants where the oU was exttacted. Modem 
catcher boats originating from shore sations also periodically 
tcxk whales during this period. The last remairung whaling 
station in the United Sates, near Richmond Calffomia. dosed 
ml971. 

In 1931, 50 nations, mcluding the United Sates, agreed 
upon the Intemational Convention for the Regulation of Whal
ing. This agreement was the first international effort lo conuol 
the dedmation ofthe world's whale populations. The primaiy 
protection measures included fiill protection for right whales 
and for all other spedes, a ban on the kUling of calves, suckling 
whales, immature whales, and females with calves. The agree
ment was ineffeaive, however, because Uie major whaling 
nations cUd not join. Several intemational agreements followed 
which attempted to improve upon this initial document. In 
1946, die Intemational Whaling Comnussion (IWC) was es
tablished both to ensure the development of the whaUng 
mdustiy and to consene the worid's whale stocks for the 
mterests of fiimre generations. For nany years, the IWC 
concenttated its efforts on maximizing the level of removal of 
whales rather than on whale conservation However, in recent 
yean, the IWC has moved noticeably towards whale consenation. 

In 1972, the United Sates Congress enarted the Marine 
Nfemmal Protection Aa (MMPA), whicfa established a com
plex and comprehensive federal poUcy of marine mammal 
maragement The MMPA made it unfewfiU to take (defined as 
kill, capmre, punue, oi harass) inarine mammals in the waten 
ofthe United Sates and it also piohibited U. S. dtizens from 
taking marine mammals oo the higfa seas. Under limited 
drcumstances, exceptions may foe autfaorized for tfae taking of 
some marine mammals, provided that tfae level of removal wiU 
not cause the population to decUne foelow sustainafole levels. For 
instance, marine mammals may foe removed for pufolic display 
and scientific research, or inddental to activities such as 
shipping and commercfel fishing. 

Current Utilization 

Since the enaament of the MMPA in 1972, the focus of 
concem has shifted to the incidental capmre ofmarine mam
mals during commercial fishing operations. Due to the rapid 
expansion ofseveral of CaUfomia's coastal fisheries, there has 

been an inaease in the inddental capture of marine mammals 
in recent yean. Nonetheless, ui Califomia the level of take of 
ceaceans is lower than it b for other marine mammals (i.e 
pinnipeds), the National Marine Fisheries Seniee (NMFS) is 
cunentiy developing a management regime to govem tiie 
uiddentai taking of marine mammals in commercial fishing 
operations. Moreover, the Calffomia Department of Fish and 
Game (CDFG) has developed regulations to help minimize Ux 
inddental take of narine mammab in the coastal gUlnet fisheiy. 

Due to the recoveiy of the gray whale popufetion and 
accessibiUty of migrating gray whales along the Calffonua 
coasUuie, a large and divene whalewatching industiy has 
developed Since the 1970's, commerdal whalewatehing has 
foecome an important reCTeational, educational, and economic 
activity. The 1983-1984 wfaalcwatchingseasonalone generated 
an estunated total gross income of $2.6 million. This estimate 
did not include regional economic foenefib from the sale of 
meals, fuel, lodging, whale paraphemalfe and other whale-
related aaivities. In 1985, the commercial whalewatching 
industiy in Calffomia was the largest in the United Sates, with 
74 boab in operation. 

The rapid growth of commerdal whalewatching and 
inCTeased interest foy private boaters in ofosening andapproach-
ing whales in the wild, have foeen accompanied by concerns dial 
these activities could cause adverse biological impacb to 
whales. In Califomia, NMFS adopted whalewatching guide
lines that esablished minimum approacfa cUstances (100 yarcb) 
for vessels and aircraft, as well as additional operational 
guidelines for vessels. Nevertheless, each year there are numer
ous reports of harassment of whales foy commercial whale
watching vessels and private boaten. NMFS b currentiy devel
oping regulations that will provide mechanisms to enfoice 
minimum approach distances. 

Partly as a result of the proteaion and nanagenxnt 
achieved from regulatory measures, and partly because of 
inaeased public awareness and apprecation ofmarine mam
mals, some popufetions have rebounded since the years of 
commerdal exploiation Mariiie mammab that inhabit the 
coastal waters of Calffomfe now represent resources Uiat en
hance foolh the wealth and reCTeational foenefits ofthe Sate. For 
many people, a commercial whalewatching cruise is thcii first 
contact with the marine environment. Thus, the value of 
ofosening marine mammals in the wild not only increases 
public awareness of these animals, fout also contributes to 
inCTeased public appredation of die cUvenity and abundance of 
other Uving marine resources. 

The waten of Calffomfe provide essential habiat lo a large 
variety and abundance of whales, dolphins, porpoises, and 
other marine mammals. These animals pfey an important role 
in maintaining the balance ofmarine ecosystems. Consequentiy, 
protecting CaUfomfe's marine mammab b an integral part ofthe 
consenation of aU Uving marine resources in Calffonua 

Status of Biological Knowledge and Populations 

Humpback whale Humpback whales (.Megaptera 
novaeangliae) are distinguished by their cxcepiionally lon^ 
almost entirely white flippen and robust foody thai mav reach a 
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Humpback whale, Megaptera novaeangliae. 

length of over 50 fert. There appear to foe two distinrt popula
tions of humpback whales in the North Pacific. The Alaska 
feeding peculation migrates to ib breeding grounds in Hawau 
and offshore blancb in Mexico. The Calffomia, Oregon, and 
Washington feeding population nugrates to coastal Mexico and 
Central America to breed. During their seasonal migrations, 
humpfoade whales may frequently foe seen along the Calffomfe 
coast from April tiuough Novemfoer Some individuals appear 
to remain in Calffomfe year-round In the Guff of the FaraUons, 
humpfoacks may tx obsened feeding during August and Sep
temfoer Off southem (Calffomia, humpfoacks often migrate 
along sufomarine ridges (e.g.. Sanfe Rosa-Cortez Ridge) and 
occasionaUy enter the coastal waten ofthe San Pedro and Sana 
Baifoara Channels. They obtain their food by straining krill 
(smaU shrimpUke crasaceans) and schools of smaU fish with 
their baleea Humpback whales are well known for their 
complex songs, thought to be used in courtship or male 
competition. The songs on their breeding grouncb can last up to 
several hours. 

Near the ttim ofthe cenmry, an estimated 15,000 hump
back whales inhabited the North Pacffic Oceaa Commerdal 
whaling reduced this peculation to dangerously low levels, and 
in 1966 the IWC estafolished a moratorium on hanesting them. 
Despite thb protectioa the popufetion has recovered only to a 
size of 1,200 to 2,100 incUviduab. Tfae Calffomfe feecUng 
popufetion b thought to consist of at least 400 animals. The 
humpback whale has foeen Usted as an endangered spedes under 
Ux United Stales Endangered Spedes Ad (ESA) since 1970. 

Blue whale, Balaeru>ptera musculus. 

Blue w hale. Blue whales (Balaenoptera musculus) are the 
fergest animals in the world sometimes attaining a size of over 
90 feet An incUvidual folue whale nay consume up to eight tons 
of kriU in a single day. The majority ofthe eastera North Pacffic 
population spends the sununer on feeding grounds foetween 
cenual Calffomia, die Guff of Alaska and Uw Aleutian bfends. 
Like aU tialeen whales, Uie folue whale seasonaUy migrates to 
lower fetitudes in the winter to calve and foreed. Migratoiy 
routes generaUy foUow the continental sheff and slope, but blue 

whales are occasionaUy found in deep oceanic zones and 
shallow mshore areas. Blue whales are usually seen off the 
(Calffomfe coast traveUng alone or in pain, from June to 
Januaiy, altfaougfa Uxy have foeen ofoserved m every month of 
die year. They frequentiy may foe seen feeding ui die FaraUon 
blands foetween July and Ortober and occasionaUy are sighted 
m Monterey Bay and over deep coastal submarine canyons off 
central and southem Calffomfe. HistoricaUy, die North Pacffic 
popufetion may have foeen comprised of over 5,000 individuab 
foefore ib severe dqiletion foy modem whaUng operations. An 
estimated 1,000 to 1,500 folue whales cunentiy inhabit the 
North Pacific (3ceaa Tfae Califomfe feecUng population b esti
mated to foe comprised of at least 400 wfaales. "The folue whale has 
foeen Usted as an endangered spedes under Uw ESA since 1970. 

Fin whale, Balaenoptera physalus. 

Fin whale The fin whale (Balaenoptera physalus) b a 
common, large cetacean occurring offthe Calffomia coast Fm 
whales can reach a size of up to 87 feet and nay tx distinguished 
foy the white coloration of their lower rigfat lip and V-shaped 
head. They are distrifouted throughout the world's oceans, fout 
UtUe is known of their seasonal movemenb m the North Pacific. 
The North Pacffic population reportedly winten foetween cen
tral Calffomia southward to 20° N latitude and summen from 
Baja Calffomfe to tfae Cfaukchi Sea Fin whales have foeen 
obsened in eveiy month of ttw year in (Calffomia Ttw North 
Padfie population b estimated to consist of nearly 15,0(X) 
animals. Thb spedes uses ib laleen to fUter kriU, capelm, sand 
fence, squid txrring and lantera fish firom the water They have 
foeen Usted as an endangered ^xdes under Uw ESA suice 1970. 

Minke whale, Balaenoptera acutorostrata. 

M i n k e wha le . Minke whales (Balaenoptera 
acutorostrata) inhafoit footfa tfae high seas and nearshore waten 
w here tfaey are known to enter bays, inlets, and estuaries. Tfab 
species b die smaUest of the baleen whales in Calffomfe waten, 
aiaining a size of up to 32 feet and b dbtingubhed by a 
uansverse white band on ib flippen and ib refetiveiy all and 
falcate (hooked) donal fia In Uw summer monUis. minke 
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whales feed on krill, copepocb, sand lance, and herring in the 
Bering Sea and Araic Ocean. During the winler months, ihey 
migrate south along the North America coastline to Mexico. 
There are some year-round residents off Calffomia Population 
estimates arc not available forminke whales, although they may 
number over 10,000 in the North Pacffic Ocean. Minke whales 
are occasionaUy seen from whalewatching and sport fishing 
vessels in Calffomia 

Gray whale, Eschrichtius robustus. 

Gray whale. Gray whales (Eschrichtius robustus) are 
distinguished by their motUed gray body, nanow head and 
afosence ofa dorsal fin. They can reach a length of over 45 feet. 
The gray whale undergoes one ofthe longest migrations in the 
animal kingdom. Perhaps the best known ofthe great w hales off 
CaUfomia, the eastem North Pacific gray whale migrates from 
ib feeding grouncb in the Bering Sea and Araic Ocean to its 
calving and foreeding areas in the subttopical lagoons along the 
west coast of Baja (California This population generally mi
grates along the coastline, often within a few miles of shore The 
gray whale migration can be obsened from several locations m 
Califomia such as Point Loma Point Vincente, Point Sur, and 
Point Reyes. They begin to enter Califomia waten in late 
November and December on their southward migration. In 
mid-February, gray whales begin their remm migration north, 
passing through southem Calffomia waters until lale May or 
eariy June. Some imnature whales reportecUy remain in kelp 
beds to feed over the winter months off (Calffomia The north
bound cow/caff migration usually occun during April and May. 
Gray whales use their baleen to sift out cnisfeceans, mollusks 
and other invertebrates which they suck up from bottom sedi
ments. The most recent population estimate is approximately 
21,000 animals. Although stiU Usted as endangered under the 
ESA, the number of gray wiiales appean to be approaching a 
level that existed prior to exploitation by whalers. 

Killer whale Killer whales (Orcinus orca), aouallv 
largest ofthe dolphins, are year-round residents in Calffornia. 
They have been seen entering kelp foeds, bays, or inleb, but are 
more common offshore. The killer whale is widely known due 
to its popularity in oceanaria. It b easily dbtinguished by 1(5 
striking folack and while color pattem and erea dorsal fin 
w hich can be up to six feet feU in adult males. This spedes may 
reach a size of nearly 30 feet Killer whales are top predators in 
die oceaa using Uieir sharp conical teeUi for grasping and 
tearing prey. They have txen obsened atfecking die largest 
animal on Earth, tfae folue whale. KiUer whales were so named foi 
Uxu habit of attacking seab and whales; howevet fish are Uw most 
unportant component of their diet SmaU groups of related mdi
viduab (pocb) often hunt in a coordinated and cooperative manner. 
KUler whales have strong social foonds, remaining in pods of five 
to 30 meUviduab for decades. There are no estimates of population 
abundance for kiUer whales m (Calffomia 

Killer whale, Orcinus orca. 

Short-fmned pilot whale, Globicephala macrorhynchus. 

Short-finned pilot whale. The short-finned pilot whale 
(Globicephala macrorhynchus) can reach a size in excess of 17 
feet, and b distingubhed foy ib foulfoous forehead and broad 
based slightiy falcate dorsal fia In (California, these whales are 
commonly found south of Point Conceptioa but there have 
foeen sightings as far north as San Francisco Bay. Following 
movements of local squid populations, short-fumed pilot 
whales may move seasonally neanhore in the winter and 
ofishore during other times ofthe year. Before the El Niflo event 
Ul 1982 and 1983, the numfoer ofshort-finned pilots whales was 
near 2,000 during peak periocb offsouthem Calffomfe. How
ever their numben decUned during the El Niflo, presumably 
due to emigration, and the popufetion has not remmed to its 
previous level. One hypothesis for the population's feUure to 
rebound b Uat it was competitively exduded by the Risso's 
dolphin population in Calffomia No one is certain where Ux 
remainder ofthe population has gone. Currentiy, the popufetion 
size is unknown, fout there appean to tx no more than a few 
hundred individuab present in the neanhore waten of CaUfor
nia This spedes was die first "whale" displayed in captivity 
and b stiU used widely in oceanaria 

Common dolphin. The common dolphin (Delphinus 
delphis) b the most afoundant cetacean in Calffomia Common 
dolphins can reach nearly eight feet m length and can be 
distinguished foy die unique hourglass coloration on their sides 
which appean as a V-shaped folack or daik gray saddle when 
Uiey are ofosened at sea. Among the most gregarious of 
ceaceans, common dolphins often form groups of over 100 
animals, sometimes numbering in the thousands. Population 
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Common dolphin, Delphinus delphis. 

suneys condurted overa decade ago estinated that over 57,000 
common dolphins inhabited the waten offsouthem Calffomia 
foetween summer and autuma cUnunishing to around 15,000 
mdividuals foetween winter and spring. Common dolphins 
frequently engage in foow-ridmg and aerial acrobatics. Two 
types of common dolphins faave been identified in Calffomia 
One foim, "Baja neritic," faas a refetiveiy longer beak and 
occun from offshore southem Calffomfe waten south to Islas 
Tres Marias and throughout the coast in the Guff of Calffomia 
The other form, "northern," has a relatively shorter beak and is 
more common offshore from Isla Cedros north. 

Bottienose dolphin, Tursiops truncatus. 

Bottlenose dolphin. Bottlenose dolphins (Tursiops 
truncatus) aie reacUly recognizable foy the pufolic due to their 
antics on tdevisioa their performances in cxeanaria, and 
foecause the coastal form is occasionally seen surfing in the 
waves along populated southem Calffomfe beaches. This spe
des may reach a size of over 12 fert and b dbtingubhed foy ib 
gray coloratioa Ughtiy colored foelly, and moderately taU and 
falcate dorsal fia South of Pomt Conception, foottlenose dol
phins are commoa whereas few animals are encountered 
fiirther north. In CaUfomia, footh a coastal and ofishore form are 
found The coastal form inhabib shallow water just beyond the 
surfzone, and is known to frequent bays and estuaries from 
Sana Monica south. Groups of 10 to 25 animab may travd 
together and make regular migrations along this area of the 
coastiine. There are reportedly seasonal north-soutfa shifb in 
tiieir cUstrifoutioa fout the extent to whicfa this cxcun is uncer
tain. It is estimated that the coastal form b comprised of 
approximately 240 animals. No population estimate is avail
able for the offshore form, although it has foeen characterized as 
afoundant in the southem Calffomfe area This spedes often rides 
ttx liow wave of vesseb, and swims in the wake oflarge whales. 

Risso's dolphia Risso's dolphins (Grampus griseus) are 
known to reach a size of over 13 fert, usually have extensive 
scarring over their white to light-gray colored foody, and lack a 
foeak. The last suneys, conduded in tlie early I980's, indicated 
Uiat from 15,000 to 30,000 Risso's dolphins resided off Califor
nia at the time. Since El Niflo (1982-1983), Uidr numfoen arc 

Risso's dolphin. Grampus griseus. 

foeUeved to have mcreased. Risso's dolphins normally appear m 
pods of 25 to 50 individuals and do not usually foow ride but wiU 
perform some acrobatics sucfa as spy-faopping and breaching 
They are cUstributed widely, frequently foeing found in deep 
water areas vvitfa warm temperate to ttopical water conditions. 
Risso's dolphins are occasionally ofosened in centtal and 
northem Calffomfe waten. 

Northern right-whale dolphin, Lissodelphis borealis. 

Northera right-whale dolphin. Northem right-whale 
dolphins (Lissodelphis borealis) have no dorsal fin and have a 
veiy slim and gracefiil folack foody that nay attain a length often 
feet. They appear to prefer offshore, cold temperate waten and 
only occur inshore over deep submarine canyons. The northem 
right-whale dolphin is commonly found m the waters off centtal 
and northem (CaUfomia, allhough they also appear in winter 
and spring off southem Calffomfe. There appean to foe some 
seasonal north-soutfa shift in theu distrifoution as a result of 
water temperamre changes and prey availability. Population 
suneys in the eariy 1980's estimated that over 80,000 northem 
right-whale dolphins may have been present in (California at the 
time. This gregarious species somrtimes occun in large herds 
of up to several thousand and is noted for its fleemess. Northem 
right-whale dolphins rarely approach vessels. 

Pacific white-sided dolphin. Lagenorhynchus obliquidens. 

Pacific white-sided dolphin. The Padfie white-sided 
dolphin (Lagenorhynchus obliquidens) has a short, thick beak. 
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a falcate dorsal fin and may reach a size of at least seven feet 
The species is Uiought to foe Uie second most afoundant dolphin 
off southem (California, and the most common off northem 
Califomia. The Pacffic white-sided dolphin is seen year-round 
frequenting the continental sheff and slope waten. sometimes 
appearing in Monterey Bay They nay occur in hercb of over a 
few thousand mdividuals fout groups of several hundred are 
more common. In the early 1980's, seasonal abuncfence of 
Padfie white-sided dolphins in Calffomia, north of Point 
Conception was estimated to fluctuate from 26,000 animals in 
die summer to 86,000 aninab in the aummn. Thb species b 
known for its acrotiatic betavior and txiw riding abiUties. Padfie 
white-sided dolphins are occasionally displayed in oceanaria 

Haibor porpoise, Phocoena phocoena. 

Harbor porpoise. The harbor porpoise (Phocoena 
phocoena) is the smallest cetacean found in Calffomia waters, 
rarely reaching a length of over six feet It nay be cUstinguished 
by its lack of a beak and its triangular dorsal fin. Harbor 
porpoises fiequent the cooler waten of centtal and northem 
Califomia, seldom sttaying south of Point Conceptioa Locally 
afoundant concenttations exist foetween Cape Mendodno and 
Point Reyes and in Monterey Bay. They are not known to 
migrate extensively, fout may move txtween inshore and off
shore areas. The haifooi poipoise occun primarUy in refetiveiy 
shallow neanhore water and thus, b vulnerafole to human 
activities such as the coastal giUnrt fisheiy in Calffomfe. In 
response to the general increase in gillnetting. CDFG has 
implemented several management mechanisms to reduce the 
incidental take of harfoor porpoises. This species never ap
proaches vessels or foow rides. The harfoor porpoise popufetion 
offCalifomia may consist of over 11.000 individuals. 

DaU's porpoise. Phocoenoides dalli. 

Dall's porpoise. The Dall's porpoise (Phocoenoides dalli) 
has a stocky body, and the striking white panem on its belly. 

fiank, and tips of dorsal fin and tail, contrasts wilh its generally 
black body. This spedes may attain a size of over seven feet The 
DaU's porpoise inhafoib the cooler waten of the continental 
sheff Ul centra] and northem Calffomia, and also fiequents a 
variety of other areas including nearshore deep-water canyons 
and die open sea The DaU's poipoise can foe found off nonhem 
(Califomfe in autumn and wintet however individuals can also 
foe found in southem Calffomfe at this time. Ttxre appear to be 
neanhore-offshore shifb in theu distrifoution wherefoy Uiey 
remain inshore in autumn and move northward and offshore m 
the fete spring. DaU's porpoises travel in small groups of 10 to 
20 individuals and are known to foow ride. A population suney 
in the early 1980's estimated Uat approximately 461,000 
individuab inhabit the eastem North Padfie. The size of Uw 
DaU's porpoise popufetion off (Calffomia b unknown 

Irma Lagomarsino 
National Marine Fisheries Service 
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SEA OTTER 

History 

Sea otten (Enhydra lutris) once ranged firem extreme 
northem Japan througfa the Kuril bfends, southem Sakhalin 
Island, soudiem KamchaUca Peninsula, Commander Islands, 
Aleutian Islands, soutiiem Alaska, British Columbia Wash
ington. Oregon and Calffomia, extending south to about Uw 
midpoint ofthe Pacific coast ofBaja Calffomia Mexico Prior 
to 1741, human conact with sea otten was limited to nauvt 
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cultures through much ofthe range and to Spanish colonists in 
Califomia and Mexico. 

Commerdal utilization of sea otters followed the Bering 
E.xpecUtion of 1741 to the mainland of southem Alaska and the 
Aleutian and Commander islands. Reports of vast numbers of 
sea otten stimulated the fiu ttade and contributed to lhe 
evenmal senlement and economic development of the west 
coast of North America by noniative people. Russian fur 
uaders developed facilities at several locations on the North 
American coast most notably at KcxUak Island and SiUca The 
southemmost outpost at Fon Ross, Calffomia, was established 
in 1812. Russian hunters worked at least as far south as the 
islands off Sana Barbara, fout the Russian presence in Califor
nia was contested foy Sparush colonists. Spanish ttade ui sea 
otter pelts foegan in 1786 and was the most important industry in 
coasfel Calffomia for several decades. 

The eariy Russian otter traden utilized enslaved Aleut 
natives as hunters. The Aleuts worked from native canoes, 
hunting with spean and clufos. Latet American and European 
hunters entered the trade using firearms as primary tools of 
capttue. By the 1840's, the sea oner population in Califomia 
was greatiy reduced in numfoen as a result of overe.xploitation. 

Sea otten were approaching extinction at the foegirming of 
the twentieth cenmry. Thirteen remrant populations, toaling 
perhaps 1,0(X) lo 2,0(X) individuals, sunived in the North 
Pacific in 1911, Sea oners were widely regarded as extinct in 
Califomia by 1900, but scientisb and game wardens were 
aware ofa suniving group near Point Sur in Monierey County 
asearly as 1914. Rough population estimates in the early 19(X)'s 
ranged from less than 50 to about 1(X) sea otten in Calffomia 
Other remnant populations were known to e.xist in 1911 in 
Me.xico, Canada Alaska and Russia The remnant populations 
in Mexico and Canada were thought to be extinct by 1920. 

Sea otter, Enhydra lutris. 

The International Fur Seal Treaty was signed in 1911 by 
Canada (for Great Britain), Japan, Russia and the United States. 
The Treaty recognized the serious overexploiation of northem 
fur seals and sea otten and provided fiill protection for boUi 
species. State law has prohibited take or possession ofsea otten 
or their pelts in Califomia since 1913. With the termination of 
die ttade in sea oiler pelts, die Calffomia sea oner population 
began to grow in numfoers and range State Highway I was 

opened between Monierey and San Simeon in 1937, uaversing 
a coastal segment previously not accessible by automobUe. 
Highway access led to die much publicized "rediscovery" of 
Califomia sea otten by the general public at BLxby Creek m 
1938. The sea oner population numbered roughly 300 individu
als at that time. The state of (Califomia provided additional 
protection for sea otters by aeating die Sea Otter Game Refuge, 
extending along 100 miles of coasUine from Uie Carmel River, 
near Monterey, to Sanfe Rosa Creek, near Cambria 

Passage of Uie federal Marine Mammal Protedion Act of 
1972 i,*ovided new authority for proteaion ofsea otten in aU 
U. S. waten. The Ad transfened management responsibiUty for 
Calffomfe sea otten from the state to the federal government 

Between die 1930's and the late 1970's, the Califomfe sea 
otter population grew at an average annual rate of atiout five 
percent extending its range to more ttan 200 miles of coastUne 
from Sana Cruz to Pismo Beach In the early 1980 's, a reduced 
rale of population growth was recognized and some argued that 
the population was declining in numben. Smdies by federal and 
state agencies detennined that the neanhore set-net fisheiy for 
halibut was causing signfficant morality ofsea oners as a result 
of incidental entanglement and drowning. Estimates of annual 
mortality in nets ranged as high as 80-100 animals, a rate 
sufficient to account for the diminished rate of population 
growth. Legislation foy the sate imposed restriaions on set-nrt 
activity, greatly redudng inddental take ofsea oners in nets. By 
Uie middle 1980's, it was apparent that population growth had 
remmed to levels previously obsened. 

Status of Biological Knowledge 

The subspedfic satus of various populations of the sea 
otter has foeen in eUspute for many yean. The most recent 
studies, based on skull morphology, identified the (Califoma 
population as a separate subspedes. Definition of die subspe-
des of sea oners lUcely wiU remain controversal. 

Sea otten in Calffomia occur predominantiy along rocky 
shores supporting forests of the ferge kelps. Along the mainland 
coast the kelps typically form extensive surface canopies in 
waten less than 80 fert in depth where the subsuamm is rock. 
Sea otten commonly form groups, known as rafts, in kelp 
canopies, especfelly when at rest. Rafb typically conain up lo 
10 individuals, fout under certain circumstances nray include 
more than 100 otten. Most sea otten remain within one mile of 
shore, but in some situations, such as in Monterey Bay otten are 
regulariy seen foraging and resting three miles or more off
shore. Juvenile males tend to range farther offshore than other 
age/sex categories. Sea otten also are able to successfully utilize 
habiais with soft substrates. In Calffomfe, records from the fiu 
ttade suggest that sea otten once were abundant in the soft-
bottom habiats of San Frandsco Bay 

Adult male sea otten in Calffomia typically w cigh 60 to 75 
pounds, reaching a length of four to 4.5 fed. Adull females 
tvpically reach a weight of 40 to 55 pounds and a length of four 
feet. The largest sea otter recorded in (Califomia was a male 
weighing 92 pounds. 

Sea otter pelage includes outer guard hairs and dense, fine 
undcrfur Density ofsea otter fiu is higher than that of am otlxr 
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mammal. Sea otter pelage provides the primary tiiermoregula-
tory barrier between the animal and the chilling effects of sea 
water Most other marine mammals rely on subcutaneous fat 
rather than pelage for thermal protection. The effeaiveness of 
die pelage as a thermal tianier depends on frequent grooming 
and consequent cleanliness. SoiUng ofthe fur largely eliminates 
Uie insulative qualities, resulting in rapid heat loss. Focxl 
consumption rates equivalent to 25 percent or more of indi
vidual focxiy mass must foe consumed daily to maintain the high 
meafooUc rate typical of sea otten. 

Male sea otten reach sexual mattuity at five to six years of 
age. In Calffomia, adult males estafolbh and defend territories 
in areas of high feinale density, seasonaUy in some areas and 
year-round in othen. Younger males typically are exduded 
from foreeding areas foy territorial males. Feinale sea otten 
become reproductively mamre at three to five yean of age. 
Mamre females typically come into estms within a few days to 
a few weeks after weaning of pups. Gestation is four to six 
months and involves delayed implanation. After implanatioa 
development to foirth normally requires afoout four months. 
Virtually aU foirths are single. Twinning has foeen obsened but 
females apparentiy are unable to care successfiilly for more than 
one pup at a time. Care of dependent pups is entirely matemal. 
Period of pup dependency averages six months in Calffomia 
with a range of 4.5 to 9.5 months. Studies suggest that pre-
weaning morality rate for fintbom pups may exceed 50 
percent. Survival of dependent pups improves with the experi
ence of the mother Most adult females produce one pup per 
year. In cases of premature death of dependent pups, females 
nay come tack into estras and be reimpregnaled within a few 
weeks after loss of die pup. In Califomia, rates of pup birth 
apparently peak in fete winter, with a secondary peak in fete 
summer or early fall. Pupping may be nonseasonal in certain 
Calffomia locations. 

Sea otten typically weigh four to five pouncb at birth, and 
20 to 30 pounds at weaning. In most sea otter popufetions, 
maximum longevity probably is in the range of 11 to 15 yean. 
Captive animals are known to have lived as long as 20 yean. 

Known precfeton of sea often include sharks, eagles, 
coyotes and bean. Attack by white shades profoafoly occun at a 
low rate Uiroughout Uie Calffomia range. Predation generally b 
regarded as less imporant than fcxxl limitation in conttolling 
Uie size ofsea otter popufetions 

Pattems of aaivity vary widely among sea otter popula
tions and among individuals within sea otter populations. In 
Califomia, most otten forage diuing moming houn, rest from 
fete moming through mid-aftemoon and resume foraging in 
fete aftemoon. Sometinxs a third period of foraging cxcun at 
night foetween about 11:00 p.m and 2:00 a.m. Juvenile females 
typically spend more time foraging dian oUier categories, often 
feeding during houn when oUier otten are at rest 

In Calffornia, home ranges of adult males during the 
prindpal foreeding season (summer and fall) have a mean 
coasUine length of atiout 0.5 mile and an area ofabout 100 acres. 
During winter the range approximately doubles for those 
individuals that remain in breeding territories. Long-distance 
movements among high-use areas range from 35 to 60 miles 

and often are seasonal. Males may remain within a high-use 
area for months at a time, but travel between such areas rarely 
requires more than a few days. Females follow the same general 
panem as males, but high-use areas are typically 1.5 to two 
times larger for females than for males. Females abo travel long 
distances in short periods, but such travel is much less frequent 
for females than for males. Substantial short-term movement of 
females among high-use areas often occun in assodation wiUi 
pupping. Juvenile males tend to utilize larger areas and travel 
greater dbances than other age/sex categories. Various smdies 
have shown that sea otten are capafole of homing from dbtances 
as great as 300 miles. 

Sea otters generaUy feed on large-bodied foonom-dwelUng 
invertebrates ofotained during dives. They are able to dive to at 
least 320 feet but most foraging dives in Calffomia are ui 
waten less than 80 fert deep. Dive duration may be as long as 
four minutes, fout more typicaUy b 50 to 80 seconcb. Individual 
otten typicaUy feed on a relatively few species of prey. At Uw 
population level, howevet sea otten are dietary generaUsb. 
More than 160 spedes have foeen reported as sea otter prey. 
Composilion of sea otter diet relates to pattems-of population 
growth. In California, diet is predominantly sea urchins, abalo
nes, large aabs and ferge cfems when otters have recentiy 
recxcupied a foraging area. As the period of occupation in
CTeases, preferred prey decline ui availability and Uie diet 
divenffies. In cases of occupation foy sea otten for more Uian a 
few years, the most common prey in Calffomia are crabs and 
small snails. Other frequent prey include odopus, musseb and 
clams. Sea otten are well known for theu abilities in using 
stones as tools while foraging Stones nay foe used as hammers 
to dislodge prey from the sufostrate during cUves and may foe used as 
anvils for foreakmg shelb of prey during surfece intervab Fish are 
common prey tor sea otters at certain locations m Alaska and 
Russfe (Consumption of fbh by sea otten b rare ui Calffomia 

Sea otten have important effects on the character of 
nearshore biological communities. In a numfoer of drcum
stances it has foeen reported Uat otten sufostantfelly reduce prey 
afoundance and individual size. The foest-known cases involve 
species such as afoalones and sea urchins that are sought in 
commerdal or recreational fisheries. Such mteractions have 
provided grist for mtensive poUtical discord for many yean 
regarding approaches to management ofsea otter populations. 
Such conflirts first arose ui regard to die cenu^ Califomia 
abalone fisheiy in the 1960's. More recent confUcts involve sea 
urchins, Dungeness crabs and several species of clams. Human 
over-hanesting of shellfish popufetions sometimes conuibutes 
to management difficulties and political controvenies associ
ated with conflicb ofsea otten and shellfisheries. 

The control of heibivorous inverteforates foy sea otteis 
allows secondaiy development of dense algal populations, 
including kelps, that may sufostantially alter the stmcmre and 
dvnamics of neanhore ecosystems. Proliferation of algae as a 
consequence of growing sea otter populations has foeen reponed 
at a number of locations throughout the range of die species. 

The 1989 Exxon Valdez dbaster in Prince William Sound 
demonsttated die potential vulnerafoility of sea oner popula-
uons to caastrophic oil spills. Afoout 1,000 sea otter carcasses 
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were recovered after the spill. Most apparentiy had died as a 
resuh of conart with oU. Total moraUty ofsea otten remains 
unknown. Over 3 50 oiled sea otters were captured alive after the 
spill, fout survival was less tfaan 50 percent despite intensive 
efforb to tteat and rehabUitate oUed ammals. Oiled sea otten 
died primarily from toxic effects of oil ingested during futile 
grooming efforts, from hypothemua resulting from matted 
pelage, and from sttess. 

Status of tt^e Population 

The sea otter popufetion in Calffomfe currentiy ranges 
along 225 imles of coastUne from Aflo Nuevo Island north of 
Sanfe Cruz, to approxiinately tfae Santa Maria River, south of 
Pismo Beach. Detennination of trends in the number of sea 
otten has been compUcated by tfae variety of suney techniques 
used differing in accuracy and precbioa In 1982, a standard 
suney method was adopted for assessmenb of the Calffomfe 
popufetion. The most recent count in (CaUfomia in the spring of 
1992, located 1,810 adulb and 291 dependent pups. The 
Califomia population continues to grow at a rate ofabout five to 
seven percent peryear. 

Table 1. Results of spring surveys, Califomia sea otter 
population, 1983-1992. 

Suney 
Independent 

animals Pups Toal 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

1156 
1180 
1119 
1358 
1435 
1504 
1571 
1466 
1700 
1810 

121 
123 
242 
228 
226 
221 
285 
214 
241 
291 

1277 
1303 
1361 
1586 
1661 
1725 
1856 
1680 
1941 
2101 

In 1977, the (Califomfe sea otter was Ibted as Uueatened 
under die federal Endangered Species Art of 1973, requiring 
development ofa Recovery Pfen for sea otten in CaUfomia A 
primaiy element oftfae Plan, issued in 1982, was estabUshment 
ofa new colony ofsea otters by translocation within Calffomia 
The colony was to foe weQ separated firom Ux existing mainland 
range, UierebyredudngUx possibility thatasingle large oUspiU or 
smular disaster coukl contaminate all sea otten in (Califomfe 

Between 1987 and 1990,139 sea otten were translocated 
from their mainland range to San Nicolas b land off southera 
Califomfe. Tfae most recent suney at the island in July 1992, 
found 10 adult sea otters and four dependent pups. The sfems 
and futtire of the sea oner colony at San Nicolas Island remain 
uncertain. 

The Recovery Plan for sea otten in CaUfomia is currently 
(summer 1992) in revision The primary goal of Uw new Pfea 
like tfae old will be attainnwnt of a sea otter population wiUi 
sufficient numben and range to eliminate the possifoilitv of 

disasters such as the Exxon Valdez exposing all Calffomia sea 
otten to conamination and possible injury or death 

Glenii R VanBlaricom 
U.S. Fbh and WUdlffe Service 

Robert Ai. Hardy 
CaUfomfe Department of Fbh and Game 
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MARINE MAMMALS: DISCUSSION 

Most of the inarine mammab known from Calffomfe 
waten have txen reviewed ui thb section, including Calffomfe 
popufetions of whales, dolphms, porpoises, seals, sea Uons, and 
sea often. Tfae previous articles faave incUcated that marine 
mammals are an important part ofthe Uving marine lesources 
of Calffomfe. From tfaeir mitial hbtoric value as a harvestable 
resource for worid trade as seal and sea otter fiin, through the 
commadal whaling era, to thdr priinary present-day value as 
tourist attractions, marine mammab faave continually ranked 
among tfae most economically valuafole of all marine resources 
in Calffomfe. The variety and afoimdance of marine mammab 
also play an important role in the foalance ofmarine ecosystems. 

Some marine mammal populattons tfaat occur ui CaUfomfe 
are StUl Ul a recoveiy phase after severe reduction from commercial 
liarvest during tfae ninteentfa and early twentieth centuries. Recov
eiy of populations ranges from sUght ui some, such as Ux 
humpfoac^wfaale, toothen, such as the northem dephant seal Uiat 
may be nearing the carrying capadty of their hafoitat. 

Popufetions of other marine mammab, because they have 
inaeased so dramaticaUy, have txen affected more recentiy by 
interaaions with inaeased commercial fishing activity Mor
ality in the central Califomfe set net fisheiy dunng the early 
1980's was signfficant for sea otten and probably for hartxir 
porpoises. Restriaions on srt net activity greatiy reduced inci-
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dental take ofboth species, as well as haifoor seals, Califomia 
sea Uons, and norihem elephant seals. 

Authority to manage marine mammal pt^pulations rests 
with the National Marine Fisheries Service and Fish and 
Wildlife Seniee. CunenUy, the take of marine mammab 
inddental to commerdal fisheries is authorized under a five-
year exemptioa enacted ui 1988, from Uie moratorium on 
taking marine mammals. Ttx purpose ofthe exemption is to 
enable commerdal fisheries to contuiue to operate while irffor
mation essential for long-term management ofmarine mam
mal-fishery interartions b being developed 

The 1988 amendnwnb to the Marirx Mammal Protection 
Ad direrted the Secretaiy of Commerce, after consiiltalipn w ^ 
tfae Marine Mamnitf Cdmmi&idR; legiiMtal fisfaieiy manage
ment councUs, and other interested agencies and organizations. 

to provide to Congress a suggested regime tb govem inddental 
taking after October 1,1993. 

Marine mammal management in Calffomia's future will 
need to provide for larger populations ofmarine mammals than 
are now present. Some populations, such as northem elephant 
seals, aUeady occupy rookeries in areas that were probably not 
available to Uiem historically because of access to predaton 
such as wolves and grizzly bears. The cunent push toward 
complete protection for all marine manmal popufetions wiU 
result in continued growth for some of them and wiU require 
innovative techniques to reduce the lUcelihocxl of serious inter
actions as human use of marine resources also inaeases. 

Robert A. Hardy 
Califomfe Department ofFish and Game 
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MARINE BIRD RESOURCES 

Seabirds are a diverse assortment of bird species that 
inhabit salt or brackish water environments for at least a part of 
Uieir aimual cyde. Tlus discussion is Umited to the pelagic 
species ofbirds Uat breed on ofishore islancb and make Uieir 
Uving by utiUzing the food wdi in the upper layen ofthe ocean 
in contrast to the waterfowl (ducks, geese, grebes, loons. 

wading foirds, and shorebuds) that Uve mostly in the coastal 
manh areas or nest in arctic tundra or infend lakes and manhes. 
Seabuds can tx further divided into resident (foreeding) and 
non-resident (not breeding) spedes. Birds in these ecological 
categories are very different Ul how they affert or arc affeaed by Uie 
natural environment and human-rdated evenb along our coast 

Table 1. Seabirds wtiich breed off ttie California cxiast, their distributional status relative to areas north and south of 
Califomia, the approximate sizes of their breeding populations in the 1980's and their status in the 1990's (X indicates 
presence, 0 indicates absence). 

DisUibulicm ia Estimated CA 
Common Name Breeding Pop. CASanis 
(Scientffic Name) 

Forked-tailed storm-petrel 
{Oceanodroma furcata) 

Leach's storm-petrel 
[Oceanodroma leucorhoo) 

Ashy storm-petrel 
{Octanodroma homochroa) 

Black storm-petrel 
{Oceanodroma melania) 

Brown pelican 
{Pelecannus occidentalis) 

Double-crested cormorant 
{Phalacrocorax auritus) 

Brandt's cormorant 
{Phalacrocorax penicillaius) 

Pelagic cormorant 
{Phalacrocorax pelagicus) 

Westem guU 
{Larus occidentalis) 

Common murre 
{U'ria aalge) 

Pigeon guillemot 
{Cepphus columba) 

Marbled murrelet 
{Brachyramphus marmoratus) 

Xantus' murrelet 
{Synthliboramphus hypoliucus) 

Cassin's auklet 
(Ptychoramphus aleuticus) 

Rhinoceros auklet 
{Cerorhmca monocerata) 

Tufted puffin 
(Fratercula cirrhata') 

Number species in common 
Toal breeding spedes 

Alaska 

X 

X 

0 

0 

0 

X 

0 

X 

0 

X 

X 

X 

0 

X 

X 

X 

28(30) 

CaUfomia' 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10 
16(23) 

BajaCfa 

0 

X 

0 

0 

X 

X 

X 

0 

0 

0 

0 

0 

X 

X 

0 

0 

14(22) 

in Ux 1980's^ 

300 

18,300 

5,200 

150 

2,700 

1,900 

64,200 

15,900 

51,000 

363,200 

14,700 

2,000 

3,600 

131.200 

400 

250 

7 

in Ux 1990's 

Unknown 

Declining 

Unknown 

Unknown 

Inaeasing 

Slable/Increasing 

Stable/Increasing 

Stable/Increasing 

Increasing 

Declining 

Stable 

Declining 

Stable/Declining 

Unknown 

Increasing 

Stable 

'Some species in Alaska or Baja Calffomia are not Usted because ihey do not occur off Calffomia The number of breeding species in 
Califonua can be increased by adding up to five tems (Sterna sp.), lhe black skimmer (RyrKhops niger), and lhe Califomia gull (Larus 
califomicusy, numbere in parentheses indicate additions oflhis t>pe tor each area. 
' The extimated Alaskan breeding seabird totel population is about 40200,000 compared to about 700,0(X) for Calffomia These numbers 
represent approximate mean levels throughout the 1980's, and recent updates will b«e published in 1993, Ten to fcirty percent should be added 
to inclucie non-breeders and immatures, a proportion which vanes Irom \car to year and spedes to species, Ln Calffomia four species (common 
mune, Brandt's cormorant Cassin's auklet, and western gull) compnsc almost 90 percent ofthe lotal number of breedere. 
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There are 23 species of seabirds that breed along the coast 
ofCalffomia. Point Conception is generally considered a major 
area of ttansition foetween characteristically northem seabirds 
(such as those found in the Guff of Alaska and Washington) and 
subtropical seafoirds (such as those found in the Gulf of Calffor
rua). North of Point Conceptioa marine waters are dominated 
by the CaUfomia Cunent System m which cold, nutrient-rich 
water is upwelled along the coast. South of Point Conceptioa 
upwelling mainly occurs only far offshore, and warmer, clearer, 
nutrient-pcxir waters extend up from the Sufottopics. Ecologi
caUy, thb makes Calffomfe's inarine foucb among the most 
interesting and taxonomically diverse in the northem hemisphere. 

CaUfomfe's foreeding seafoirds are afoout evenly divided 
foetween southem and northem spedes. The northem seabird 
species have a greater foiomass, however One ofthe reasons for 
thb is that northem waten are generaUy more produrtive and 
therefore, support greater seabird populations! In Calffomia, 
many of our breeding seafoirds, such as common murres, 
Brandt's oormoranb, and Cassm's aukleb (all primarily northem 
spedes) are concentrated at the Farallon blarxb (off San Fran
cisco) and CasUe Rock National Wildlffe Refiiges (near Crescent 
City). The Farallons are the most important single seabird breed
ing site in Calffomia, and large seabird populations tiiere are 
assodated wiUi abundant avaifebUity of suiafole and protected 
nesting habitat coupled with strong and prcxluctive upwelling 
sy-stems that provide large prey resources in die same area. 

A brood of three Califomia brown pelicans on Anacapa Island off 
soulhem California. Improvement in reproductive success is linked 

to a decline in DDE resideues in the ofEshoie environinent. 

/Another najor Calffonua breeding area soutfa of Point 
Conception in the SouUxm Calffomfe Bight is tfae Cfaannel 
Islands. These islands haifoor important nesting colonies for 
some seafoirds of northera affinity (such as Cassin 's auklrts) fout 
also the stole's entire nesting population of forown pelicans 
(presently a recovering endangered species) and the rare 
Xantus' murrelet Both spedes have southem foreecUng distri
butions and also nest offBaja California; but the brown pelican 
is of ttopical affinity (origin), whereas lhe Xanms'murrelet is of 
su'oarctic affinity. One of the most unique and interesting 
foreecUng seabirds off central and northera Califomia is the 
marbled munelet a small seabird that nesb inland in coastal, 
old-growth coniferous forests, often overa hundred fert high in 
the ttee tops, Unfortuiately, this linle bird is becoming endan

gered because ofthe loss of its nesting habiat due to logging 
and because of mortality caused by oil spills and gill-net fishing. 

UsuaUy, between the end of summer after the Upwelling 
Period and before the end of the year, the Calffomia Current 
System experiences an unmigratioa emigration, and reshuf
fling of seabircb from the north, south, and within Calffomia 
The afoundance and divenity of seafoirds increases immensely at 
this time. One ofthe most afouncfent seafoird species ui the worid 
the sooty shearwater, comes through Calffonua waten by the 
miUions, mosdy from New Zealand Another exdting sighting 
involves one ofseveral species of altattosses which seem to be 
showing up off CaUfonua in inaeasing numbers. Similarly, 
southem seabuds, such as bcxibies, red-bUled tropicbirds, and 
magnificent frigatebireb, can provide the highlight of any boat 
trip. From die Mexican Sea of Cortez around July, come several 
species of storm-petreb, Heermann's gulb, elegant tems, and 
many more forown pelicans than nest m Calffomia. From the 
north, espedally into the winter, we witness the arrival of 
northem seabirds lUce the northem fulmar, tufted and homed 
puffins and other aldds, tfae black-legged kittiwake, the brant 
(one of the few spedes of wild geese that migrates along the 
coast to wintering areas in Mexico), and nany othen. Such 
divenity and abundance adds to the overall richness and value 
of Calffomia's total marine resources. 

Table 2. Sdentific names ofbirds mentioned in text but not 
induded inTable 1. 

Albatross 

Bcxibies 

Black-legged kittiwake 

Brant 

Califomia least tem 

Elegant tem 

Heermann's gull 

Homed puffm 

Magnificent frigalebird 

Northem fulmar 

Red-biUed tropicbircb 

Scxjty shearwater 

Diomedia sp. 

Sula sp. 

Rissa tridactyla 

Branta bemicla 

Sterna antillarum 

Thalasseus elegans 

Larus heermanni 

Fratercula comiculata 

Fregata magnificens 

Fulmarus glacialis 

Phaethon aethereus 

Puffmus griseus 

History and Utilization 

Marine foucb or seafouds are the most conspicuous and 
familiar elemenb ofmarine communities, and are a source of 
pleasure and enjoyment for people at sea or along the coast 
They are unique and important foiouc elenxnb of marine 
ecosystems and are good indicators of the general health of 
coasal offshore environments. Yet people working or reaeat-
ing at sea often know linle afoout them. And altiiough often 
omitted from marine resource reference works such as this, 
seafoirds require management and protertioa just as do otiia 
dements ofmarine ecosystems. 

Seabirds are prominent elemenb in the bicxUversitv of 
marine ecosystems. They perform what ecologisl Paul Ehrlich 
calls "ecological senices," such as nuuient cycling and scav-
cngingofbiologi cal waste materialsanddebrisfrom watcnand 
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beaches. They often guide fishermen to fish. They are fim to 
watch and consequentiy, contribute to local economies by 
aittacting tourists. Healthy seabird populations give us the 
justffied feeling that aU is well at sea and a "missing," sick, or 
oiled bird tells us that it might not lx. 

Like most marine wildlffe, marine birds lave historically 
suffered severe and relentless exploitations by man. In Calffor
nia this was espedally trae at the Farallon Islands during and 
after Uie gold rash in the late-I800's, where common munes 
vvere heavUy exploited for their eggs. There was no regufetion 
of take, and the murre populations incurred severe declines, so 
Uat only a few thousand individuals were left foy the late-
1920's. The Farallon murre popufetion cUd not recover for 
several decades and even now is far Ixlow numlxrs of the 
1800's. Exploiation of seabirds or seafoird producb b neither a 
local or recent phenomenon. Recall the ancient managed 
hanest of guano by the Incas of Pera, or the hanest of guano for 
manufacturing gunpowder by the imperialistic navies of Eu
rope in the 16th-18th centuries. Empires were won or lost over 
control ofthe seafoird islands! Early sailors and exploren often 
UtUized seabirds or their eggs, driving some spedes to the point 
of extinaion. In general, however, there has been litUe success 
worldwide in utilizing seabircb for sustainable food or other 
product sources. The few exceptions include guano hanests in 
Pem, hanest of eider down from seaducks in Iceland, 
"muttonbird" hanests (shearwaters) for oil ui New Zealand 
and the hanest of seabird guano from man-made islands off 
South Africa. There is no successfiU, sustainable hanest of 
seabirds or seabird products in Calffomia or die West Coast 
Since Uie early days of exploiation management has usually 
involved putting the nesting islands into a protection system 
This is the case for most islands off Calffonua 

After World War II, Calffomia's abundant seabird popula
tions began to suffer from new profolems. For example, foucb 
and marine mammals experienced popufetion depletions as a 
result of offshore chemical pollutant discharges from industries 
in SouUiem Calffomia In a different kind of example, foird 
popufetions in central and southem Calffomia decUned from 
excessive sanUne fishing. Many spedes of seafoircb feed almost 
exclusively on surface-feeding fishes which are also sought in 
commerdal fisheries. The depletion of sardines offMonterey b 
tiiought to have had deleterious effecb on sonw species of 
seabiids. It b not weU known, faowever, how long it takes to 
bring atxiut a popufetion dedine eff seabircb and how effectively 
various kinds ofmarine foiids can switeh to other prey. Since Uw 
I950's, large oU spilb and chronic waste oil discharges faave 
foecome increasingly frequent and large numfoen of seabirds 
have foeen kUled AlUiough acute oiUng of seafoirds (oil spUb 
and the asscxfetedpublidty they get) receives more attention, it 
might be Uat chronic oiUng ofthe offshore environment causes 
Uie greatest damage to seabirds and other marine wUdlffe 
Rehabiliation of oiled foirds and mammals has not foeen very 
successful: Most foirds die before rehafoiUfetion can foe at
tempted and many foirds Uat receive care cUe anyway Preven
tion of oil spills and chronic oiling is still the best solution 

Since seabirds are visibly afferted when people misuse 
marine resources, the well-lxing of our seabird populations 

helps teU us about the health of our oceans. Potential effects on 
seabuds are often examinfd to help evaluate the overall pro
jeaed efferts on the marine environment of fiiture development 
activities. Such activities uiclude inaeased levels of offshore oU 
exttaction and ttansport; mining of other cxean resources; 
development of altemate forms of energy; use of new fishing 
techruques; fish farming and fish ranching at sea; and new 
inarine pioduct development and exploiation. Increasing lev
els of marine deforis, mcluduig fishing gear and seemingly 
etUfole items made of plastic and other naterials present otiier 
hazards. AdditionaUy, "eco-tourism," a rapidly growing mdus
tiy, can lead to unregulated intrusion onto nesting islands that 
are important to seabird popufetions. There b already a history 
of disappearance of seabud colonies on blancb visited too 
frequently by unsupervised tourists. Global wanning ff it 
occun, may have detrimental effecb on seabirds. 

Recogmtion ofthe importance of seabirds as indicaton and 
of the effec^ that huinan activities can have on them has led to 
a suige of activity and interest in seafoird conservation and 
management. In addition to many govemmental agencies, 
there are five "seafoird groups" around the worid composed of 
interested professionab which have foeen organized to smdy 
and help consene these important elements ofmarine wildlffe. 
The Pacific Seafoird Group focuses on our West Coast from 
Calffomfe to Washington, plus Alaska, Hawau, British Co
lumfoia, and Mexico. In (California, state and federal govem
mental agendes, anglen and commerdal fishermea and ma
rine foud consenationists are Ixgumuig to work together to 
help consene and manage marine wildlffe. 

Seabird Ecology 

Almost aU important acfeptations in liody form and txhav-
ior of seabuds refled specialization for either breedmg or 
feeding. Methcxb of marine bird feecUng depend on types of 
focxb and where these foods are found in the water columa 
Seabucb are, therefore, influenced foy the environmental facton 
which mfluence the marine environment During the breeding 
seasoa seabircb are confined to feeding within a reasonable 
distance from their nesting blands. In adcUtion to providing 
suitable nesting habit nesting islands must tx free of predaton 
and eUsturtances. Outside the bleeding season, when not con
strained to tending offspring, many seabird spedes are highly 
mofoile and can nwve long distances to find food. Other spedes 
may remain in areas of afotmcfent and predictable food suppl ies, 
just Idee fishermen. Distrifoution at sea b heavUy influenced by
the physical oceanography ofthe area. For example, plankton 
feeden will foe found where ocean currents favor growth and 
accumufetion of pfenktonic species. Such areas, in mm, pro
vide food for shoals of pefegic spedes such as northem anchovy, 
Padfie sardine, herring, nacjcerel, or juvenile demersal fishes 
such as rockfishes. Tfaese nudwater fish in tum are preyed upon 
by fish-feeding seabuds. The spedes of fish is usually not as 
important as b the fert that the fish are avaifeble and abundant. 

Some seafoirds feed at the suiface and oUien fly or paddle 
underwater to extend their reach lower into the water column. 
Sonx Calffomfe species can dive to a depth of 3 ''o feet Water 
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clarity influences which type of feeding method wiU foe most peUcans). In conttast, northem waten are usually too mrbid for 
successfiU. For example, clear, tropical waten typicaUy foest aerial plungen to see prey, but are foetter suif».d to underwater 
support spedes that catch fish foy plunge-cUving (fooofoies and swunmen or flyers (Uke the munes, auklets, and cormorants). 

O'DOing 

S u r t a c e D lung ing 

DecD plunging 

Seabird feeding methods in relation to depth of water column penetration and morphokigical variation of different spedes (described by 
N.P. Ashmole and drawn by J. Ahlquist, reprinted with permission from Academic Press). 

WhUe nesting, seabuds are more or less Ixiund to a nest that 
requires protection from predaton and parental care. The 
breeding season is the period of time it talees from courbhip, 
nest-building, and egg-laying to the point of fledging, when 
young leave the nest or foecome independent During foreeding, 
seabirds are strongly influenced tiy local fcxxl siqiplies and 
thus, the oceanographic and meteorological conditions. Repro
ductive success is influenced by the biomass, avaifebUity. and 
consbtency of local food supidies. For instance, when El Niiio 
weather patterns occur, seabirds reproduce pooriy or not at aU 
foecause prey resources are less afoundant and avaifefole 

Since offshore bfends with nearby, stable food suppUes are 
Ul short supply for nesting seabirds m (Calffomia, such buds are 
almost always found concentrated into tightly-packed nesting 
colonies, with different species usually segregated onto differ
ent kinds of miao-habitat. As a consequence, nesting colonies 
are vuUierafole to destmction foy mammalian predaton such as 
foxes and raccoons. Therefore, nesting islands must tx free 
from terrestrial predaton and tiuman distuifoance to provide 
seabirds wiUi successfiil nesting opportunities. Evolutionaty 
development on blands lacking tenestrial precfeton has left 

many seabircb with no defenses against precfeton, except to 
aliandon their colonies. Undisturtxd roosting and loafing sites 
are also critical to seafouds. Tourbm and introductions of rab, 
cab, dogs, pigs, goats, and other feral animab has repeatedly 
led to extermination of seabirds from islands that were former
ly precfetor-free. 

Management 
Many agendes are mvolved in the management and 

conservation of marine foirds, and many sfetutoiy and executive 
provisions contirifoute to their protectioa In addition, Calffomfe 
has one of die finest systems of sanctuaries and refiiges for 
seabuds in tfae world. However, our coastal wetiands now 
comprise only a smaU percenfege of their former extent and 
these habifeb are critical to many spedes of seafoirds. Offshore 
waters are becoming increasingly occupied and utilized foy people, 
yrt many offshore islands and rocks are as dose to Uidr namral 
sates as one might reasonably expert in oat nxxkm world 

Nonetheless, sonw of Calffomfe's seabirds are ttireatened 
or endangered, and othen nay warrant such designatioa 
Examples are Uie CaUfoniia least tem, the Calffomia brown 
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pelicaa the marbled murrelet the Xantus' munelet and the 
ashy siorm-pettel. The forown pelican nay soon foe downUsted 
because its populations are recovering; one ofthe few success 
stories in recent times. 

Common murres and Brandt's cormorants on Flaliron Rock off 
Trinidad, north (>f Eureka. 

Seabird populations have a number of chararteristics m 
common vvhich make them susceptible to harm from environ
mental changes: 

1) Resident seafoirds concentrate their nesting efforts over 
several montiis at small areas, and they traditionally use the 
same nesting areas year after year. 

2) Some seabirds (pelicans, cormorants, gulb) concentrate 
in roosts or resting sites. Night roosb provide protection from 
predators and dismifoances and may faave foenefidal tfaennal 
characteristics. Day roosb are located closer to food suppUes 
and may have good plumage diying properties. 

3) Many seafoiids depend on concentrated fcxxl supplies, 
often commercially valuafole fisheries resources. Marine fisher
ies biologists are working with marine wildlffe biologists to 
foalance recreational and commercial fishenes with other wild
life needs. 

4) Many seabirds tend to be long-Uved with low annual 
repnxluctive rates. Thus, seabirds cannot usually recover veiy 
rapicUy from ferge impacb on their popufetions. 

5) Seafoirds are often componenb of assembfeges with 
interdependent elements, whidi means Uat they are closely 
aUied to oUia spedes in Uwir system. Dismption of one or more 
interacting elements may affert the entire assembfege in sonw way. 

Seabird and Rshieries Interactions 

Seabird-fisheries interartions have been categorized as 
follows: 1) direct competition, wiUi negative population impU
cations either for fish or seabird popufetions; 2) mutualism. 

where die interaction b foenefidal, or commensalbm, where 
Uiere is neither foenefit nor dettiment to the uiteraction; and 3> 
physical mjury, where foirds are kiUed or damaged foy fishing 
activities, or bird activities damage operations or gear. Catego
ries 1) and 3) descrilx conflicts in lesource use that should be 
minimized Multi-spedes or ecosystem management instead of 
management Uiat is single-species oriented may foe the key to 
nunimizing such confUos. The management plan oftfae Pacffic 
Fisfaeiy Management CouncU (PFMQ for ancfaovies was one 
of tfae fust in the nation to consider the multiple uses of the 
anchovy resource, uicludmg seabirds, marine mammals, and 
foait fisheries for ^ r t fisheimea With the rapidly recovering 
Pacific sardine rescxuce, the PFMC b revising ib anchovy plan 
to include multi-species management of small pefegic fishes. 
Fisfaeiy management plans are foeginning to include concepts 
sucfa as resenes, multiple-neecb, ecosystem foalance, and 
thresholds of minimum resource abundance. 

'iv. *̂-

Pileup of brown peUcans, Heermann's gulls, and Brandt's 
cormorants feeding on anchovies at SheU Beach. Other 

individuab are roosting on nearby rocks. 

The fiiture of fishing gear/seafoird interactions is also 
improving GiU netting has txen foanned in many areas, and 
some fistxrmen tave switched to otfaer fishing methocb that do 
not hann seabircb. Situations are more difQcult to control w hen 
die conunercial fishmg occun outside areas of sate or federal 
juriscUctioa Interactions between recreational fisheries and 
marine wUdlffe also cxcur. While each individual interaction 
may involve only one angler and one binl, togetiier Uiey can 
have a signfficant effed on some seafoird popufetions, espedally 
threatened or endangered spedes. In nany instances the foest 
management approach b educatioa 
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ECONOMIC UTILIZATION OF OCEAN RESOURCES 

Background 

Economic as well as biological farton affect the utiUzation 
of Calfforrua's living marine resources. A particularly notable 
econonuc phenomenon has been the inaease in trade activity 
between the domestic seafood uidustry and ib foreign counter
parts. Calffomfe's commercial landings are increasmgly foeing 
marketed aforoad, and Calffomfe consumen are satisfying their 
cosmopoUtan taste for seafood with an array of imported produds. 

The economic value of a commercial fishery is appropri
ately measured by Uie foenefib that it provides to consumen and 
Uie net economic return (gross revenue minus costs) that it 
generates to fousinesses at the ex-vessd, wholesale and retaff 
leveb. This chapter's discussion of commercial fendings con-
siden only the ex-vessel component of value, and reflecb gross 
rather than nrt economic retum in that it ignores the cost of 
harvesting fish. SimUaily, the discussion of seafood imports 
and exports includes only the wholesale component of value 
and ignores cosb incuned by import/export businesses. These 
ex-vessel and wholesale values provide a usefid but incomplete 
picture ofthe economic value of Calffomfe's commerdal fisheries. 

All monetary estimates of value provided in this chap
ter have been correded for inflation and are expressed in 
1990-equivalent dollars. 

Supply 

Trends in Landings and Revenues. Seasonal and annual 
variations in commerdal landings are affeaed by a variety of 
faaors, mcluding spedes afoundance and avaifefoiUty, manage
ment restrictions, maiket demand ex-vessel prices, harvesting 
and processing technology and weather Ttw picture b further 
compUcated foy the multispecies nature of many fbtiing opera
tions (For uistance, smaU comfouation boab targrt salmon and 
albacore witfa troU gear and aafo with pot gear, round laul 
vessels target pefegic wetfishes, sciuid, lioiuto and foluefm tiuia; 
u-awlen arget rockfish, sablefish, Pacffic whiting, flatfish and 
shrimp). In multispedes fisheries, fishuig strategies, and there
fore, landings of each spedes are afferted liy the avaifebiUty and 
profitabUity of all spedes targrted in tlw fbtwiy. Trends m 
landings are piopeily viewed in tbe context of these contrib
uting farton and the uiteractioos anwng them. 

The State of C^aUforaia re(]uires poundage landed price 
received, and other infoimatioa to be recorded on a "pink 
ticket" each time a commerdal fishing vessel tancb ib cateh at 
a C^aUfomia port. The landings descrilxd in tlus cfaapter are 
foased on pink ticket cfea and refled most of the harvest but 
exclude discards, live bait catch and capture of live spedmens 
for aquarium use. In particular: 

1) Commerrial fbhing operations often yield a tycatch of 
non-targeted species, which nay be landed and sold or dis
carded at sea. Even targeted species may tx discarded ff, for 
instance, they are sub-legal or non-marketable ui size, or pan of 
a catch Uat exceeds a trip lunit. Information on tfae level of 
discaids and discard mortaUty is generally unavaifeble. 

2) Live bait sold in tfae reaeational fisheiy is generally not 
fended, since transactions between buyen and sdlen oflive bait 
take pfece at sea or from receiven that are tied up near die docks. 
Logbook daa indicate that tiait haulen harvest up to twelve 
miUion poundi of live foait per year, most of which consisb of 
northem anchovy. 

3) A variety of marine spedmens are harvested live, for 
dispfey in honw and pufolic aquariums. These include animab 
such as gofoies, juvenile sheephead juvenUe leopaid shark, and 
even "Uve rocks" (pieces (ff sutistrate witfa attached communi
ties of Uving organbms). The harvest of such specimens, 
though not recorded on pink tiedcets, has Ukely inaeased in 
recent years, due to increases in domestic and foreign demand 

Total finfish and shellfbh landings in CaUfomfe declined 
by ahnost haff from 1970 to 1990, while total U.S. fenduigs 
doubled over the same period. CaUfomia's share of die U.S. 
harvest which was 14 percent in 1970, decUned to four percent 
by 1990. Ex-vessd revenues foUowed a sinular pattem (Tafole 1). 

Table 1. Commercial landings (1.000 lbs. landed weight) 
and ex-vessel revenues ($1,0G0's) in 1990-equivalent 
dollars of finfisti and shellfisti in Califomia and the United 
States in 1970,1975,1980,1985 and 1990. 

Landings (1,000 pounds) 

Year 

1970 
1975 
1980 
1985 
1990 

Year 

1970 
1975 
1980 
1985 
1990 

Calffomfe United States 

703,216 4,917020 
861,315 4,877,443 
800,723 6,482,354 
356,960 6057,642 
395,753 9,708,421 

Ex-\fesel Revenues ($l,000's) 

Califomfe 

290.551 
307.900 
501.121 
154,002 
158,851 

United Sates 

2,065,417 
2,372,577 
3,548,572 
2,825,643 
3,572,437 

The major reason for Calffomia's diminbhed profile was 
die nine-fold decUne in tuna landings fiom 1970 to 1990 (see 
appendix for fendings figures). The proportion of ex-vessd 
revenues firom aU spedes attributable to tuna decreased from 74 
percent in 1970 to 17 percent in 1990 (Jable 2). High interest 
rates, the relocation of tuna processmg e^rations from CaUfor
ma to American Samoa and Puerto Rico, and competition from 
imports of canned tiina packed in water created economic 
hardship fpr the fishing fleet Tuna landings ui CaUfomfe 
dropped predpitously as many of Uie superseinen transfened 
flags 01 converted to oUwr fisheries. 
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In 1970, C^aUforrtia's top revenue-generating species were 
yeUowfin ($141.1 nuUion), skipjack ($40.7 mUUon) and alfoa
core ($26.4 mUUon); together, these three tunas accounted for 

• 72 percent of total revenues fiom aU spedes: By 1990, the top 
revenue-generating spedes had foecome sea urchin ($24.7 
miUion), yellowfin mna ($19.7 mUUon), lockfishes ($16.9 
miUion), Dungeness a a b ($16.3 ntilUon) and chinook saUnon 
($11.3 mUUon), togetiier accounting for 56 percent of total 
revenues from aU spedes. Calffomfe's commerrial fbhing 
indusuy, once dommated by the mna fisheiy, has evolved into a 
more heterogeneous mix of smaUer fisheries. 

Commercial fishing vessel al San Pedro. 

In addition to the tura fishery, a number of cither fisheries 
have also experienced a decUne in recent yean. For insance, 
both biological and economic feaors (e.g., habitat loss, oompe-
tiUon from aquaculture) have contrifouted to the decluie in 
salmon landings. Concerns afoout afoalone stocks have 
prompted inaeasingly restrictive management measures to 
reduce fishuig effort and afoalone harvest has decUned despite 
a strong market. Anchovy landings have faUen dramatically 
since 1983, when the decUne in the ex-vessel reduction price 
prompted tfae round haul fleet to redirert their fishing effort to 
higher-priced spedes such as mackerel and squid 

Landings and ex-vessel revenues attributable to spedes 
otlxr than hua inaeased from $74.7 ntilUon in 1970 to $131.9 
miUion in 1990, indicating that declining harvesb of some 
species have been more ttian offset foy increases in othen. For 
uistance, mackerel landings increased dramaticaUy in the fete 
1970's, when the Pacffic mackerel pc^ufetion rdxiunded to 
leveb of abundance not experiei>ced since the earty 1940's. 
Markrt demand for cafemari has prompted the upward trend in 
squid lancUngs, whicfa reached a record high of 62.7 ntilUon 
pounds in 1990. 

A numfoer of major fisheries in Calffonua are driven by 
market demand in the Pacffic Rint For instance, the fbheiy for 
red sea urchms devdoped in the earty 1970's, when CaUfomfe 
gauied access to Uw Japanese maikrt for "uni" (sea urchin gonads, 
also referred to as roe for maiketing purposes). Currendy, about 50 
percent of aU urchin roe unported by Japan origuales in the U.S. 
and over 75 percent erfthe U. S. produrt originates in CaUfomfe In 
ackUuon to being marketed fr^esh in Japaa Calffomfe uni b also 
sold in the growing domestic sushi market 

Pacific herring landings also inaeased significandy dur-
uig die 1970's, as Calffomfe fishennen obtauxd access to Asian 

^ > ^ 

.;•, ̂ * - - : i ' • ; ^ * -
Market squid (Loligo opalescens) gathered under lights at right. 

markeb. Ttx harvest b shipped frozen to SouUi Korea, where 
Uie roe are stripped and sold as a delicacy in Japaa AlUiough 
prices have decUned and sfefoUized from the record high of 
1980, die fisfaeiy generates higher ex-vessel revenues Uian any 
other pefegic wetfish species. 

The expansion of Calffomia's groundfish fisheiy during 
the 1970's was fiieled liy expanduig markeb as wel I as improve-
menb in harvestmg ancl processing technology. Asfe b the rrajtx 
maikrt for thomyheads, sablefish and other groundfish spedes. 

Many of (Calffomia's fledgUng fisheries are also driven foy 
Asian maikeb. The hagfish fishery developed in response to a 
hagfish shortage in the Repufolic of Korea, where the meat b 
eaten and the skin made mto leather goods. Herring roe on kelp 
is packed in forine on kelp frondls and marketed as a delicacy ui 
Japaa Landings ofsea cucumfoer (fooUed dried and salted for 
sale in foreign and domestic Asian markeb) doufoled foetween 
1985 and 1990. An experimental fisheiy faas recendy developed 
for puiple sea urcfains for Ixxh the roe and Uve sea urchui 
markeb in Japaa Live fish markeb that cater to Calffomfe's 
own Asian population have developed for spot prawns, cabezoa 
CaUfomfe sheephead white croaker and ottier smaU fishes. 

Pan of the commercial fishing fleet owned by immigrant families 
from Vietnam at Moss Landing harbor. 

A fishery which has foeen virtually inactive during 1970-
19*)0. fout has perhaps the greatest potential for development b 
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Pacific sardine. During the heyday of die sardine fbhery (1934-
1945), Calffomfe landingsaveraged 1.1 foUlionpoundsperyear 
and accounted for aUnost 80 percent of total statewide landings 
of aU spedes. The fete 1940's signaUed the foeginning of what 
was to l x a long teim coUapse ofthe fisheiy. Sufosequent Sfete 
restrictions on sardine harvest culminated in 1974 with a 
moratorium on aU direded harvest and a small aUowance for 

uiddentai take. The State Iffted ib moratorium in 1986 and 
cunenUy aUows modest levels of direrted ahd inddental faar-
vest. Once sufficientiy recovered the sardine popufetion maybe 
able to sustain an annual yield of SOO million pounds. WheUier 
and wfaen tlus actually occun wUl depend on the timetable for 
recoveiy of the stock and development of maikeb for sardine 
producb, both of which are highfy uncertain at thb time 

Table 2. Ex-vessel revenues On 1990-equivalent dollars) from finfish and shellfish in Califomia in 1970,1975,1980,1985 
and 1990, by spedes category ($1,000's). 

Spedes 1970 1975 1980 1985 1990 

CRUSTACEANS 
Dungeness Crab 
Pac. Ocean Shrimp 
Spiny Lobster 
Rock Crab 
Spot Prawn 
Bay Shrimp 
Ridgeback Prawn 
OUier 
Total 

TUNA 
YeUowfin 
Bonito 
Albacore 
Biuefin 
Skipjack 
OUier 
Total 

ECHINODERMS 
SeaUrchin 
OUxr 
Total 

ROUNDFISH 
Rockfish 

Thomyhead 
Sculpin 
OUier 
Subtotal 

Sablefish 
Padfie Whiting 
Total 

PELAGIC WETFISH 
Padfie Hening 
Mackerel 
Northera Anchcwyv 
Padfie Sardine -
Total 

SALMON 
Chinook 
Coho 
OUxr 
Total 

FLATFISH 
Dover Sole 
CaUfonua Halibut 
Peuale Sole 
Englbh Sole 
Sanddab 
RexSote 
Sand Sole 
OUxr 
Tolal 

13,432.5 
1,910.6 

903.8 
201.1 

550 
3.7 
0.0 
0.0 

16,506.9 

141,099.4 
2,194,3 

26,428.3 
5,375.5 

40,703.3 
11.5 

215,812.3 

0.0 
0.0 
0.0 

0.0 
1563 

2.777.4 
2.933.7 
1.075.6 

0.7 
4.010.0 

124.0 
6.503.3 
7066.7 

34L2 
140350 

N/A 
N/A 
N/A 

17,183.7 

4,153.4 
307.2 

1.788.7 
1,090.4 

2368 
639.4 

780 
77.5 

8.371.6 

VN RESOURCES 

6,781.6 
1,615.5 
1,042.9 

642.6 
488.8 

68 
38.9 
82.4 

10,699.5 

149,560.2 
9,463.6 

12037.9 
9,753.4 

41,480.0 
291.8 

222,786.9 

1.493.1 
0.0 

1,493.1 

0.0 
172.7 

7.808.5 
7,9810 
3,401.1 

4.9 
110870 

533.7 
4,149.8 

12.166.3 
0.7 

16.850.5 

N/A 
N/A 
N/A 

16.936.6 

6.090.4 
870.7 

1,902.9 
1,9367 

459 2 
7393 
940 

254 1 
12,347 3 

230 

15.496.8 
3.464.8 
2.140.2 
1019.1 

7188 
0.0 

321.8 
190 

23,380.7 

178.485.0 
4,511.5 

15,156.0 
5.185.3 

145,883.7 
2,055.2 

351076.7 

5,813.5 
8.6 

5,822.1 

1028.0 
80.9 

12.302.9 
13,611.8 
2.781.8 

172.7 
16.566.3 

26414.7 
15,440.4 
4.039.5 

67 
46.001.3 

N/A 
N/A 
N/A 

21033.4 

5,803.6 
1,636.6 
1.692.4 
2.125.0 

665.4 
1.006.6 

217.5 
390.8 

13.537.9 

10,844.0 
1,442.2 
2,362.0 
1.8670 

401.0 
0.0 

669.0 
85.5 

17,670.9 

18,061.6 
712.3 

8.997.7 
3,576.3 
2.335.1 
1.102.1 

34,785.1 

5,876.3 
18.3 

5,894.6 

1,971.7 
37.2 

12.991.4 
15.000.3 
3.432.1 

479.4 
18,911.8 

7,3250 
9,511.5 

338.8 
1.7 

17.1770 

N/A 
N/A 
N/A 

14039.9 

7,651.9 
2,777.6 
1.694.5 

970.9 
449.2 
860.1 
217.8 
261.8 

14.883.8 

16073.8 
4,184.1 
3.%2.3 
1,813.9 
1.5260 

489.5 
152.5 
347.6 

28,749.7 

19.719.9 
1.934.8 
1.794.9 
1,7862 
1.676.4 

83.7 
26.995.9 

24.714.8 
35.9 

24.750.7 

4.575.0 
165.9 

12.199.9 
16,940.8 
3,4870 

777.7 
21005.7 

7.014.0 
5,775.8 

604.1 
1786 

13,572.5 

11099.7 
621.4 
125.2 

12,046.3 

3,681.7 
2,126.7 
1020.6 

682,6 
437.0 • 
4283 
1567 
95 4 

8,8290 
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Table 2. (continued) 

Species 1970 1975 1980 1985 1990 
1 

MOLLUSKS 
Maricet Squid 
Abalone: 

Red 
Black 
Green 
Pink 
OUier 
Subtotal 

OUier 
Total 

SWORDFISH 

NEARSHORE FISHF,S 
Lingcod 
CaUf Sheephead 
White Croaker 
White Seabass 
OUxr 
Total 

HAGFISH 

SHARKS/RAYS/SKATES 
Mako Sharic 
Common Thresher Sharic 
Padfie Angel Shark 
Soupfin Shark 
OUier 
Total 

2045.8 

N/A 
N/A 
N/A 
N/A 
N/A 

3,191.7 
3,5286 
8,966.1 

1,798.8 

4672 
1.3 

150O 
1,300.9 

400.2 
2.319.8 

0.0 

N/A 
N/A 
N/A 
N/A 
N/A 
182.9 

2.0079 

1,415.6 
555.1 
331.4 
908.6 
165.4 

3,376.1 
2,700.7 
8,084.7 

3,392.9 

1,025.2 
2.7 

226.4 
1,613.3 

3574 
3025.0 

0.0 

N/A 
N/A 
N/A 
N/A 
N/A 
318,5 

4,812.9 

1,6208 
971.7 
223.0 
461.3 

8.4 
30872 
1,962.7 

10,062.8 

4,983.4 

1,046.9 
50 

484.3 
1,903.6 

5878 
4,027.8 

0.0 

1578 
1,9600 

47.3 
1267 

1,3076 
3,599.6 

4,5179 

1,545.0 
9562 
124.9 
314.1 

160 
2.956.4 

176.1 
7,650.4 

16,336.3 

555.2 
22.8 

6390 
294.6 
431.0 

1.942.8 

0.0 

234.7 
2000.5 

700.9 
2576 
298.4 

3.692.1 

4,683.7 

1,845.9 
381.1 
178.9 
140.0 

1.9 
2,5478 

58.0 
7089.5 

7.140.0 

9310 
456.4 
3410 
287.0 
300.9 

2,3167 

2,1180 

741.8 
641.3 
164.7 
102.7 
155.6 

1,806.1 

< 

HERRING ROE ON K H P 
SMELTS 

SUBTOTAL 

OTHER 

GRAND TOTAL 

0,0 
269.1 

289,656.4 

894.1 

290,550.5 

0.0 
201.6 

307,723.8 

175.8 

307,899.6 

0.0 
226.2 

500,718.2 

403O 

501,121.4 

0.0 
310.0 

153.494.9 

506.6 

154,001.5 

1,525.4 
235.0 

158,580.7 

270.6 

158,851.3 

Imports and Exports. The U.S. has experienced a persis
tent trade defidt with regard to seafood produrts. The v^ue of 
U. S. imports of edifole fbhery products more than doubled from 
$2.4 foUUon in 1970 to $5.2 bUlion in 1990. Exporb, alUiough 
significantfy tower in vahw ttian imports, increased almost tenfold 
firom $0.3 bUUon in 1970 to S2.8 billkm in 1990 ( T ^ e 3). 

Calffomfe's seafood trade deficit b disproportionatefy 
large. In 1990, the value of imponed seafood pnxlurts exceeded 
the value of exported products t)y two to one for the U.S. as a 
whole (Table4)andbyalmostdglittoonefor Calffomfe (Tables 
5 and 6). About 28 percent ($1.5 billion) of tiw imported value 
of fisheiy produdsin 1990 entered dwU.S. ataC:aU£)miapoTtBy 
comparisoa CaUforafe's share of U.S. exporb in 1990 was a 
refetivefy modest seven percent ($0.2 bUlion). 

The past two decades have seen the devekipnwnt of a global 
markrt for fisheiy producb and Uw increasing pronunence of 
Pacific Rim countries as trading partners. WtwTcas 29 percent of 
the value of U.S. exporb involved trade with Asfe in 1970, Uiis 
prc^rtion faad increased to 71 percent by 1990 (Tafole 3). Our 
major ti:ading paitnen in 1990 were Japan ($ 1,785.9 imUion) and 
Canada ($313.6 miUion). The import picttue is more diverse. In 

1990, Asfe and North America each accounted for about one-
Uurd of the value of U.S. imports (Jable 3). More Uan half of 
U.S. imporb in 1990 originated from the following five coun-
fries: Canada ($1,174.5 million). Thailand ($592.2 mUUon), 
China ($399.4 nulUon), Ecuadcw ($340.6 nullion) and Mexico 
($278.9 ntilUon). 

The species composition of imports and exporb differs 
somewtiat txtween CaUforaia and the U.S. as a whole. Shrimp 
accounted for 52 percent ofthe value of fordgn imports into 
CaUfomfe (Table 4) and 31 percent of imports into Uie U.S. 
(Table 6) in 1990. Fresh and frozen salmon accounted for 
percent of Uie total value etf U.S. exporb (Table 6) but only four 
percent of Uie value of California's exporb (l^ble 5). Fresh sea 
urchm was Calffomfe's major exported produrt in 1990, ac
counting for 23 percent cf the value crf'all seafood exported from 
die State (Table 5). 

The seafood industiy in CaUfonua has created txisiness 
opportunities for numerous processors, imponen, brokers, 
traden and distributon. While the import/export figures 
(Tafolcs 4 and 5) are indicative ofthe size ofthe seafood martert 
tn Calffomfe, Uie complex and circuitous interartions among 
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nuddlemen make it difficult to trace imports and exports to their 
final destination. Imports are not necessarily consumed in the 
state of enay. For instance, some seafood imports that enter the 
U.S. at Nogales, ArizoiaandHonolula Hawau likely end up in 
CaUfomfe maikets. In acklitioa it is not safe to assume that exports 
from a state were necessarify produced within Uat sate. For 
uistance, much of Uw abalone exported from Calffonua b har
vested Ul Mexico and fiinneled to other countries vfe Calffomia 

Despite die difficulty of drtermining exaaly faow much of 
Uie seafood imported uito the U.S. ends up m Calffonua 
markets, avaifefole information suggesb that CaUfomians refy 
heavUy on imports to satisfy Uidr substantial demand for 
seafood By one estiinate, less than 10 percent ofthe seafood 
sold in Calffomia b derived from Calffomia fisheries; 13 
percent comes from Pacific Northwest and Alaska fisheries, 
and ntost ofthe remainder consisb of fordgn imporb. 

Table 3. Value in 1990-equivalent dollars of U.S. imports/exports of edible fishery pnxlucts by continent of origin/ 
destination in 1970,1975,1980,1985 and 1990 (SI.OOO's). 

IMPORTS FROM: 

Asia 
North America 
South America 
Europe 
AusliaUa 
Africa 

TOX^L 

EXPORTS TO; 

Asia 
Europe 
North America 
AustraUa 
/Africa 
South America 

TOTAL 

1970 

587.756 
971.795 
220044 
304.309 
183,455 
106,531 

2,374,190 

1970 

85,140 
112,769 
86,077 
4,409 
1083 
1,614 

291092 

1975 

696,697 
1,391,666 

312.849 
614029 
160,851 
145,092 

3,321,384 

1975 

190,190 
263,625 
185,623 

7,1% 
1,482 
1,399 

649,515 

1980 

993,671 
1,798000 

474,884 
612,851 
258,673 
116066 

4054,545 

1980 

706,158 
393,907 
273,014 

37,318 
10,551 
13,522 

1,434,470 

1985 

1,374,528 
1.732.183 

707.176 
762.636 
274033 

86.141 

4.936.897 

1985 

881.539 
150,043 
166,517 
25,392 

1,794 
1,872 

1027,157 

1990 

1.954.106 
1,729.076 

764.016 
487.013 
262076 

36,578 

5033,165 

1990 

1,983,666 
425,523 
343,980 
20,493 

3,611 
2,177 

2,779.450 

Table 4. Value of 20 top imports of edible fish and fish 
products into Califomia from foreign countries in 1990 
($1,000's).' 

Table 5. Value of 20 top exports of edible fish and fish products 
from Califomia to foreign countries in 1990 ($1,000's).^ 

Produa Categoiy 

Shrimp. D Uien 
Misc.. frozen 
Lobster, frozen 
Tuna canned 
Tuna prepared 
MoUusk, frozen 
Abalone prepared 
Misc., fiesh 
MoUusk, live 
Shrimp, canned 
Squid frozen 
Oyster, canned 
Crab, canned 
Sardine, prepared 
Tuna, fresh 
Misc., prepared 
Salmoa fresh 
Crab, frozen 
Clams, canned 
Crustacean, frozen 
OUxr 
TOTAL 

\Wue 

774,940 
129,912 
91,178 
76,547 
64,387 
45099 
35009 
23.377 
19091 
18063 
15.770 
14,828 
13,667 
13,003 
11,941 
10,799 
10,524 
8,880 
7,724 
7,715 

97.746 
1.491,000 

Produrt CateRory 

Sea urchia fresh 
Abalone, prepared 
Misc., finzm 
Cod frozen 
Roe, firozen 
Lobster, frozen 
Shrimp, frozen 
Misc., dried 
Squid frozen 
Heiring. frozen 
Salmon, finzen 
Squid prepared 
Tuna fresh 
Clams, frozen 
MoUusk, prepared 
Salmoa canned 
Crab, frozen 
Salmoa fresh 
Shrimp, canned 
Sablefish frozen 
Odier 
TOTAL 

VUue 

44,436 
30092 
15,750 
11035 
9,695 
9083 
7,344 
7057 
6,793 
6.726 
5.928 
4.772 
3.012 
2063 
2.175 
1.900 
1.868 
1.855 
1.491 
1,470 

17055 
193,000 

'Source; Unpublished date from U.S. Bureau ofthe Census. 
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Table 6. Value of U.S. exports. Imports and net exports of 
fishery products In 1990, by product category ($1,000's). 

• ^ oduct 
Category Exporb Imports Net Exporb 

FRESH & FROZEN 
Shhxnp 
FiUets 
Lobster 
Tuna 
Blocks 
Scallop 
Groundfish* 
Salmon 
OUxr Fish and 
Shdffish 

Total 

CANNED: 
Salmon 
Tuna 
OUier 
Total 

CA\TAR& 
ROE 

CURED 

OTHER 

GRAND TOTAL 

f; 
112012 
66020 
82,622 
45,085 

214,679 
19.518 

298,568 
666,583 

814,885 
2020.472 

104077 
13011 
68.140 

185,628 

223,836 

32,831 

16,683 

2,779,450 

1,639,181 
809,932 
439,972 
339.300 
373092 
130.453 
79.987 

252.880 

456011 
4.521,308 

4041 
293.873 
244.510 
542.624 

15.007 

118,581 

35,645 

5033,165 

-1,526,969 
-743,612 
-357,350 
-294015 
-158,613 
-110,935 
218,581 
413,703 

358,574 
-2000,836 

100,036 
-280,662 
-176,370 
-356.996 

208,829 

-85,750 

-18,%2 

-2,453,715 

'"Groundfish" includes all fresh and frozen product farms (except 
fillets and blocks) of cod, haddock, hake, pollock, sablefish and 

\ flatfish. TUlets"and "Blocks" cover a variety of spedes, including 
groundfish. 

[Demand 

During 1986-1988, U.S. consumption of fbh and sheUfish 
averaged 45.2 pounds per c^ife (live weight eciuivalent). 
Similar consumption rates can be found in Westem Europe and 
Canacfe. Consumption rates in northem Europe and industiial-
ized Asian cotmtries are two to four times the U.S. average, 
whde consumption rates ui Mexico and other less industri
alized countries tend to fall below tlw U.S. average (Table 7). 

Consumption of conunercial finfish and sheUfbh in tlw 
U.S. (edible meat) increased fiomabout 24.0 billion pounds in 
1970 to 38.8 biUion pounds in 1990. The reasons for Uus are 
twofold: a 23 percent maease in dw U.S. popufetion and a 31 
percent increase in per capife consumption, fiom 11.8 pounds in 
1970to 15.5 pounds in 1990. About twHhirds of total consump
tion b accounted for by fresfa and frozen produrts (Table 8). 

Assuming that per capife seafood consumpdon in Calffor
nia b ecjual to the national averages descrifoed in Table 8, total 
consumpUon in CaUfomfe (edifole meat) is estimated to have 
maeased from approximatefy 2.4 bUUon poimds in 1970 to 4.5 
biUion pounds in 1990. These, howevet should foe considered 
conservative estimates, since the strong seafood preferences 
exhibited by sizeable segmenb of CaUfomfe's population (e.g., 
upscale health-consdous consumen, Asian inunigranb) sug
gest that per capife consumption ui (Calffomfe lUcely exceecb the 

\ national average. 

Table 7. Annual per capita consumption of fish and 
shellfish in seleded countries, 1986-88 average (pounds 
live weight equivalent). 

Ckiuntiy 
Pounds 

Live Weigfat 

Iceland 
Japan 
Portugal 
Hong Kong 
Republic of Korea 
Norway 
Spain 
France 
Canada 
Peni 
United States 
United Kingdom 
Geiman Democratic Republic 
Mexico 
People's RepubUc of China 
Brazil 

203.7 
1570 
132.5 
1120 
109.3 
97.7 
83.8 
63.9 
59.3 
51.4 
45.2 
42.3 
33.5 
216 
17.6 
14.6 

Table 8. U.S. annual per capita consumption of commer
dal fisti and stieilfisti tiy product category in 1970,1975, 
1980,1985 and 1990 (pounds edible meat). 

Produrt Categoiy 

Fresh and Frozen 
Canned 
Cured 

TOTAL 

Outkxjk 

Calffomfe's c 

1970 

6.9 
4.5 
0.4 

11.8 

ommer 

1975 

75 
4.3 
0.4 

120 

dalfishii 

1980 

7.9 
4,3 
0,3 

12.5 

lemdusQ 

1985 

9.8 
5.0 
0.3 

15.1 

vonced 

1990 5 

10.1 -

15.5 ^ 

i 

• 1 

ominated 
tiy the tuna fbheiy, has evolved into a more heterogeneous mix 
of smaUer fisheries. Many ofthese fisheries have developed ui 
response to demand in Pacific Rim countries (most notabfy 
Japan). Future fisheiy development in the State will depend 
fergely on the abUify oftfae industry to comprte in tfae global 
seafood market Tlus afoiUfy wiU depend not only on the 
quantify and qualify of domesticaUy caugfat seafood but also on 
success in overcoming barrien to trade 

The dory fleet at Newport Beach where fishennen have marketed 
their calch direcdy to consumers for many decades 
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CommerdaUy caugfat seafocxi must alsci comprte with 
aquaculture prochirts for the consumer's doUar. Acjuaculture 
contrifoutes significandy to the woridwide trade in seafocxi 
products. Wlule the competition offered liy fenn-raised im
ports (particularfy salmon and shrimp) pnitiafofy reduces the 
ex-vessel prices received by U.S. fisheimea it also provides 
benefibtoU.S. consumen in tbe form oflower seafocxi prices. 

In adcUtion to martert pressures, CaUfomfe's commerdal 
fisheries fece growing competition from other users, includ
ing sport anglen and marine mammals (most notabfy sea 
otten and sea Uons), for linuted marine resources. Activities 
that a l t a the manne enviromnent (such as oU and gas 
development discharge of sewage, thermal and chemical 
wastes, diversion of water from instream to agricultural and 

other uses, dredguig of haition, elimination of wetlands, and 
other forms of coastal development) also affert tfae abundance of 
marine resources. 

Seafood safety b also an inqxirtant health and econonuc 
issue. QuaUty control from harvest to market and adequate 
inspection, provide important safeguards. However, even iso
feted instances of tainted seafood can erode consumer confi
dence, with significant repercussions for the entire industry. 

CynthfeTttomson 
National Marine Fisheries Service 

JohnDenUer 
National Mariiw Fisheries Service 
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APPENDIX 
1 

HISTORICAL REVIEW OF LANDINGS, 1916-1969 AND 1970-1991 

Unless noted otherwise, the dau used in tlus historical 
review comes fitim the CaUfexnia Department of Fish and 
Ganw. The 1916-1%9 dafe are reproduced directfy frtnn the 
1971 edition of Califomia's Living Marine Resources and 
Their Utilization. 

The reader should be aware that over the yean repenting 
categories and practices have changed For the 1970-1991 
historical review we have included most important spedes 

wtuch have reUable landings figures. Most changes in reporting 
practices occurred in 1977 and 1987 when more species were 
reported individualfy (shaiks, rodcfistt surfiierches, salmon, 
etc.). For groups of spedes whkh are Ukdy to be inconectfy 
recorded such as the nxkfishes, snwlb and surpercfaes, we 
have aggregated the landings figures for 1970-1991. The 
complete landings figures are avaUable fiom tbe CaUfiirafe 
Department of Fbh and Game. 

SMB-26971 
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YURLY LANDINGS IN POUNOS 
Crustaceans 
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10,080.850 

10,047,650 
11.043.732 
•1.244.414 
1.344,737 
1,044,810 

787,402 
729,431 
644,443 
696.093 

374,620 
439.438 
361,714 

3,698.242 
508.199 

432.949 
209,641 

1.160,446 
6.831.029 
1.891.220 

3.135,901 
6.014.113 
1,391.993 
4,600,973 

10,909.462 

1.718,621 
4,229.741 

834,513 
1.530.490 

815,944 

915,439 
5(11,663 

1.4'J9.319 
1.163,048 
1.800.632 

1.431.130 
943.783 

0,184,361 
10,936,595 
15.235.664 

38.024.528 
14.942.649 
19,244,687 
6,849.129 
9.908,339 

12.383.849 
3,870,023 
8.017,114 
8,194,104 

14.271,968 

19.483.981 
12.449,121 
7.447,418 

19,643.013 
2,501.520 

10,285,791 
0,368,149 

ll.4CO.84l 
10.433.024 
18,019,891 

19.024.879 
19,601.922 
24.932,713 
20.779.382 

* Beiiooing in 1061 oyater landioca faava been reported u tba wci|bt of tbe packed oeata ratber (bao aa weigbt io (be 
ahell. 

http://ll.4CO.84l


m 
z 
o 
>< 

Year 

1910. 
1917. 
1918.. 
1919.. 
1930. 

1921.. 
1922.. 
1923.. 
1924.. 
1925., 

1920.. 
1927.. 
1928., 
I(2(.. 
1930., 

1(31., 
1933.. 
1933., 
1034.. 
1935., 

Ol 

1930. 
1937. 
1938. 
1939. 
1(40. 

1911. 
Ikl7. 
I'JIJ. 
1911. 
1919. 

1946. 
1947., 
1948. 
1949. 
1950. 

1041. 
1953. 
1953. 
1954., 
1049. 

1996., 
1997., 
1948., 
1999.. 
I960.. 

1941.. 
1962,. 
1943.. 
1984.. 
1944.. 

po 

Cd 

-J 

1966. 
1967. 
1968, 
I9C9. 

YEARLY LANDINGS ANO SHIPMENTS IN POUNDS 
Albacore tuna 

Calilornia 
Vetera 

22,899.309 
30.444,243 
7,263,894 

13.453.025 
18.870.447 

14.274,438 
13.231.633 
I2,488.I9<) 
I7.28OJ40 
21.084,042 

2,409,881 
4,444J72 

283,331 
249.094 
283.117 

17.123 
019.094 

487 
119.829 

2,384,349 

949,999 
2.020,016 
4,789,880 
8.264.109 
2.387.291 

3.016.0C9 
7.998.114 

11.886,148 
8.079,273 
8.777.991 

9,116.647 
7.39.V769 

10,499.390 
20.417.078 
38,139.298 

13.284.600 
23.IOJ.074 
13,397,627 
14,289,099 
9.312.029 

14.874.053 
22.013.429 
24,387.030 
32.522 J31 
12.056.980 

20.494.3W) 
32,018,300 
41.935,739 
33.807,847 
19.890.889 I 

16,141.399 
15.184.473 
11.817.055 
11.103.742 

Norlb ol 
aUte 

Soulb ol 
,Ule 

1.995,101 
1.732.000 
U52.504 

329.144 

232.890 

2.434 
13.887 
69.167 
48.030 
10.194 

9.150 
3.389 

47,468 

119.989 

1,0741988 
318.133 
89,104 

143,709 

230.603 

873.844 
3.387,979 
3.779,876 
3,026,404 

1.427 
77.874 

2.199 

26.634 
414.018 
531.081 

CO 
123,999 

81.279 

29.919 
4.187 

880 

3.633.216 
9.408.710 
9.774.099 

12.214.180 

8.958,818 
6,762,119 

24.901.689 
23.441.173 
23,575.513 

17.621.584 
20.607.0CI 
20.490,810 
11,818,195 
I9,490.2C( 

21.064,574 
20,911.816 

734,753 

3,984'.543 

8.384,174 
4,570.009 
6.033.839 
8.683.104 
3,134,818 

1,374.969 
384,471 
860.229 
533.249 

T o U l 
landinca 

22,899.309 
30.440.242 
7,204.423 

13,630.809 
18.878,647 

15,276,727 
13,231,823 
12.514.833 
17.694,362 
22.200.923 

3.469.931 
4.679,367 

283J3I 
269,101 
283.117 

37,323 
019.004 

487 
119.829 

3.447.428 

046.495 
2.020,010 
6.814,900 

10,000.302 
3,940,018 

1,141,209 
10.021,360 
21.384.864 
18.453.933 
31,329.021 

18,077.899 
I3.l7l.79l 
30,446.148 
44,004.280 
41,748,204 

30.919.342 
49.803.924 
33.835.005 
26.107.290 
29,002,298 

37,056,311 
43.525.245 
27.187,777 
33.740.464 
36,113.837 

20.123.244 
30.022.375 
48.859,578 
43.651,011 
23.217.984 

18.189,212 
17,867,933 
I8.077,I6( 
14,722,395 

StiipmenU 

77,693 
3.783.408 
6,841,229 
7,004.948 

6.919.079 
2.407.421 
2.793.946 
4,167.467 
3.231.364 

1,410,409 
2.723,003 
6,769.735 
6.432.872 
3.137,094 

973.299 
470.404 

3,434'447 
108.758 

255.430 
1.143.043 

284.040 
4J78.420 

17.920.891 
22.629.248 
46.186,816 
38,464,383 
44.844,475 

20,322.776 
39.664.027 
27,485,321 
29.741.982 
36.339.648 

30.291,007 
36,731.744 
16.944.324 
32.169.943 
44,807.150 

64.719.826 
63.889.763 
61.023,472 
66,333,031 

ToUl 
pounda 

22,899.309 
30,496.242 
7.264.422 

13.630.899 
18.870.647 

14,276.727 
13.231.823 
12,414.833 
17,094.303 
32,208.923 

2,409,921 
.4.648,959 
4.066.720 
6,110,330 
7.3M.684 

6.976.401 
3,087.215 
2.794.452 
4.287,296 
8,678.793 

2,454.004 
4.743,709 

13,574,635 
18.423,234 
7,078.334 

4,314.601 
11.091.866 
31,384,844 
20.989.479 
21,333,779 

18,077.808 
13,427,281 
37,809,789 
44.290.330 
64.131,424 

48,434,233 
72.328.772 
80.022,721 
44,873,673 
73,848.973 

57,377.986 
83.089.272 
84,673.098 
63.483.446 
71.453,174 

50.414,351 
73.354,139 
68.804,803 
74.730,964 
68,035.134 

73.908,838 
71.747.686 
78.0(9.711 
71,055.426 

YEARLY UNDIN6S AND SHIPMENTS IN POUNOS 
Biuefin tuna 

Year 

1919 
lOJO 

1922 . v . . 
1933 

1924 

1926 

1938 

1920 

1911 

1(31 

1934 

1038 

1938 

1939 

1941 

1943 

1944 

1948 

1(48 

| (4 ( 

1941 

1961 

1954 

1(60 

1958 

1969 

1961 

1(81 

1944 

1948 

1948 

Calilornia 
waUn 

14.990,880 
10.530.273 
1.971.813 
3.811.383 
1.318.090 

1.341,110 
1.801.877 
8.528.933 
4.898,386 

ll.70O.S7O 

7.476.370 
18,598,893 
3.354,778 

480.044 
334.218 

18.291.721 
18.494.813 
13.808.478 
10.822,071 
10,512.362 

9.318,934 
18,849,968 
8,848.147 

10.331.506 
7,641.887 

14,083,584 
14.100,474 
14.618.313 
14.759.681 

1,893.760 

3.268,236 
9.339 

837.209 
907JI6 

3.903.843 

8.647.673 
2,477,734 
3,613.048 

10.462.684 
16.609.801 

13,073.739 
4,339,031 

13.783.432 
17.039,651 
7.I30.96O 

4.644,330 
3,374.674 
3.302.686 
1.791,634 
1,717J91 

798.068 

North ot 
aUla 

'.'.'.'. 

'.'.'.'. 

47,813 
I,I3( 

South ol 
aUI* 

"ii 

60.487 
8J23.190 
1,177,359 

411.163 
U8J78 

64,107 
4,477.270 
5.114,304 
1.871.811 
Ul».76( 

2.816.737 
1.120 JOO 

670.848 
2.911.098 
2.814.881 

4.29(,(84 
4.4(3.813 
4.613.6(0 
8.082.013 
4.838.047 

2.I23J1S 
l.73(.624 
1.028,309 
1.669,470 
8J68.(71 

1W77,348 
11.111.442 
10.011.9)2 
9,891,982 

16.109.411 

3.169,236 
7,811.480 
7,130.218 

14.160.300 
31.222,449 

18.618.(28 
13.693.484 
32.617.821 
11.894,429 
9.:97.849 

14,436.672 I 
1 

ToUl 
laadinfa 

14.990.880 
10.430.273 
1,971.813 
2,811.283 
1.218.090 

1,241,110 
1,803.677 
4.626.433 
4,898.444 

13.700.870 

7.526.857 
31.921.282 
1.934.030 
1.071.204 

840,493 

18.397,828 
28,173,083 
18.934,883 
13.693.(22 
17,728,011 

11.834.671 
19,970.268 
9.919.012 

13.844.844 
10.178,748 

30,343.990 
20.994.309 
33.031.803 
20,837,679 
4,838.807 

4.389.471 
3.738.961 
1,842,418 
4,678.689 
9.772.619 

21,024.820' 
13.609,177 
12.624.968 
20.314.648 
30.719.233 

14.242.064 
11.992,411 
20.882.640 
31.190.991 
10.191.409 

31.171.258 
14.928.180 
34.820.404 
11.735,595 
13.936,375 
15,231,730 

SbipmenU 

l,0U',799 
889.336 

146,531 
745,052 
524,062 

4.328 

44 

168'.i86 

I07'.878 
2,112 

621447 

771.147 
343.346 
163.878 
333.024 
757,070 

554,738 
1,483,900 
1,272,540 
1.919.778 
2,348.392 

3.000,681 
806.348 

3,118.804 

80',698 
373,589 

Toul 
pounda 

14,990.860 
10.430,272 
1 971 813 
2.811.283 
3.318 090 

3.341.110 
3,803.677 
8,536 533 
4.898.469 

13.700,870 

7.538.657 
31 921 2>2 
3 634.030 
3.125,001 
1,449.838 

18 357 828 
25JI9.614 
19,669.939 
13,317.984 
17,732,359 

11.834,714 
19.970,368 
9.419.012 

12 844 644 
10,178,768 

20 343,550 
20 594 309 
22 031 802 
20.837.673 
8 896,987 

4,389.471 
3,846,841 
3 864 530 
4.676.685 
9 835.062 

21.795,967 
13.943.433 
12,788.843 
20,637.570 
31.477,208 

14.797,703 
13,416,411 
23,149.190 
13.119.729 
33,701,801 

26.831.939 
16 734 906 
37 939,210 
13.734,404 
13,016,373 
19.807,319 

http://23.IOJ.074
http://20.494.3W
http://20.607.0CI
http://I3.l7l.79l
http://ll.70O.S7O


YEARLY UNDINGS AND SHIPMENTS IN POUNDS 
Skipjack tuna 

YEARLY UNOiNGS AND SHIPMENTS IN POUNOS 
Yeiloivfln tuna 

to 
<o 

Year 

1918 
1919 
1920 
1931 
1(32 

1931 
1924 
1911 
1(36 
1(37. 

19)8 
1(39 
1(30 
1(31 
1(33 

1(13 
1(34 
1(35 
1938 
1(37 

1(18 
1939 
1940 
1(41 • 
1(43 

1943 

|g44 
1946 
1947 

1918 
1949 
1990 
1951 
1(53 . 

1(51 
1(54 
1954 
1954 
1957 

1958 
1959 
1940 
1961 
1943 

1941 
1944 
1965 
1944 
1947 

1948 
1949 

Calilornia 
waUra 

3.023,(44 
6.880JI3 
7,942,188 
1.134,8(1 

10,104,(63 

4.579.077 
1.149.911 
8.7(5,478 

14,317,018 
8,802.(98 

4.394.938 
8.033.077 
3.019.378 

11.969.618 
179.041 

10 

1.90719 i i 
8.466.791 
1,884.141 

3.818 
3,718.641 
2.989,111 
4.214,373 

317,838 

17,904 
43.678 
93,078 

I.747.O0O 
891.044 

119.1(4 
36.677 
13,431 

690 
(34 

1.307 
14.390 
1.246 

879 
393.499 

3,481t.!l07 
U09,307 

24,199 
978 

2.224,116 
3.988 

40 
173.781 
116.902 

410,713 
74.160 

South of 
aUU 

I3lil9 
18.089 

140 
I.7UJ70 

YSttA 
(.484.(7( 
4.734,310 

t8.001J43 

11.1(1.973 
18.974,914 
17.470.112 
4.(4I.I4( 

l l .34l .(]( 

14.487 J98 
14.830.194 
18.289.270 
I8.(49,M4 
4(.2I(.(44 

13,(80,818 
27.403.2(0 
(3.668,044 
21.371,099 
38,(17,390 

28.875.880 
29.993.540 
33.254.818 
39.340,934 
(1,967,133 

98.491.409 
78.496.241 

124.784.998 
115.884.258 
(4.928,703 

133,304,874 
153,741.701 
101,889.720 
130,153.347 
90,194.3(8 

120.278.037 
97.100.450 
46,279,495 
65,402.282 
(2,721.036 

94.395.828 
66.044.968 
84.341.665 
80.916.480 

110.839,399 

68,833,928 
45.840,335 

ToUl 
landinp 

3,022.964 
6.892,427 
7,957,277 
1.134,993 

11.857,833 

11.403.633 
1.774.058 

14.333,453 
30.951,348 
13.805,960 

18.946.910 
27,007.013 
20.486.687 
18.604.761 
21,634,677 

I4.087J08 
14,830,194 
17,197.184 
17,000,IO( 
47.104,091 

32.4(1.(11 
10.130.891 
(6.6(0.1(4 
2(.(8(.468 
18.71(,22S 

28.891.784 
10.017.338 
33.347.894 
41,087,994 
53,480,148 

88,770,603 
78.531.918 

134.779.419 
116.886.848 
84.(39.397 

I12J00.1U 
163.760.190 
101.890,960 
120.163.333 
90.547.711 

133,707.544 
98,405,057 
40,303.094 
06.402.800 
92.721.036 

04.010.944 
68.058.954 
84J4I.699 
61.089,261 

110.998.301 

89.334.641 
46.914.485 

ShipraenU 

(9l(75 

405.731 
l.(79.34( 
2,606,768 
2,284,928 
7.(94,901 

1.499,141 
1.044,059 

280,167 
121.894 

I.IOl 
62.719 

1.261,659 
2.750.824 
4.163.370 

8.147,710 
18.707.796 
18.634.033 
16,843.212 
20.888.800 

25.390,712 
47.728,634 
28.404.941 
21.344.772 
6.338,433 

9.664.889 
6.498.328 
6.677.518 

14.136,371 
4.003.499 

1,439.184 
3,784.698 

ToUl 
pounda 

3,022.964 
6,892,427 
7.967.277 
1,114.991 

11.8(7,811 

11.462.623 
3.774.058 

14.323,453 
20,951,348 
33.805.980 

18.946.910 
27,068,688 
30.485,(87 
18.506,761 
21,838.677 

17,093.041 
16.409,419 
19.801.954 
39.371.030 
(4,S(8.9(( 

24.1(2.974 
11.184.980 
66,910.833 
26.707,064 
18.715.228 

28.891,784 
10.037,236 
13.147,896 
41,087.994 
(2,480.168 

68.771.708 
78.674,657 

128.041.078 
118.637.673 
88.891.887 

130.6(1,919 
160.463,946 
120,524,989 
136.995.434 
111,436,303 

148.168,254 
144,194.191 
74,798.834 
86.747.633 
99,069.469 

104,284.833 
73.454.280 
89.919.213 
66.336.533 

114,9(8.800 

80.673.827 
48.480.081 

Si 
00 

Cd 
I 

- J 

Year 

1919 
1920 
1931 _ 
1922 
1921 

1924 
1928 
1926 
1927 
1(28 

1939 
1930 
1931 
1931 
1931 

1914 
1918 
1916 
1917 
1918 

1939 
1940 
1941 
1943 . . — . . . 
1943 

1944 _ 
1946 
1946 
1947 
1(48 

1(49 
1950 
1951 
1943 . . . - ' - . . . . 
1(61 

1(64 , 
1061 
1(56 
1(67 
1(48 

1(69 
1940 
1961 
1963 
1941 

1944 
1948 
1(46 „ 
1947 
1948 
1949 

Californi* 
waUn 

148.081 
1.477.905 
1.200.600 
1.301.021 

428.8(6 

880.75( 
3.(61.830 
3,694,503 

494,347 
84.836 

199.444 
39.843 

154.034 
166.331 

8.847 

19.814 
83(,00l 
767,331 
187.711 
10.688 

457.401 
337.637 

1.799 
U K 
iftU 

4(J71 
4.9(9 

33,661 
1.134 

( d 

9.884 
1.461 

81 

'ioi 

"iii 
70,853 

417,710 
81.074 
10.483 

" 4 6 

80,220 

84 

3'.3S9 

iiiii 
717 

South of 
•UU 

487lii9 
94.861 

8.200,238 
10,408.029 

1383.839 
10.374.278 
9.869.484 

36.318.719 
13.168,680 

17.146.480 
84,418.438 
38.436.464 
38.758.087 
(1.048.781 

80.891.646 
71.768,128 
77.685,411 
91,134,736 
78.277.(78 

IOe.980.394 
113.(33.373 
74.863.733 
41.484.399 
49,2((.370 

83.0(S.(I( 
87.138.481 

137.214.023 
1(0.385.520 
1(1,723.388 

184,614,802 
183,314471 
160.246,176 
178,419,881 
113.088444 

ll(.40l,7(( 
122.2(1.884 
14(.280.874 
138.884.984 
133.001,684 

108.288.171 
189.298,372 
191,8(4,058 
124.020,715 
109.(22.(48 

I4(.020.03( 
168.651.451 
113.693,138 
140.354,053 
163,938.017 
204.101,220 

ToUl 
Uodilgi 

148.081 
1.946.024 
U97.451 
7.409.279 

I0.816.92( 

1,041498 
11.237.898 
13.(84,980 
18.933,968 
13,253.206 

37.444.924 
84.454.181 
16,579.480 
16,923.410 
(l,07(,830 

80.(13.160 
73,3(4.127 
78462.644 
(1.622.458 
78488,144 

110.417.801 
lll.76(.9O0 
76,664.611 
41.466.614 
49461.128 

61.141,891 
87.131.440 

137446,676 
150488.754 
1(1,733.981 

184,624,386 
183416,834 
160446438 
178.439.583 
133.084444 

119.401.795 
122491.844 
149480.994 
138.965.837 
133.419494 

108.309.847 
189406.864 
191,854,048 
124.020.764 
109.681.144 

149.020.111 
184.553.451 
133.694.623 
140,348.061 
151.038.509 
304.161,937 

Sbipmenta 

3I597 
1.896 

221.942 

8428 
884.148 
74.881 

138409 
37.389 

701630 

1,087.708 
8.130.633 

13,422,415 
7,078.107 
8.458.606 

29.701498 
40,526.143 
64,C044I1 
45.084.798 
94,644,744 

103,022411 
83441444 
70,496,208 
94.128.144 
52443.096 

93.839.618 
39.881.904 
97450.349 
26.895.482 
6(411.941 
36.484,573 

ToUl 
pound. 

348.081 
1.969.024 
1.297.451 
7.405479 

10438.925 

1.063,398 
13.237,898 
12,584,986 
25,933.944 
33.343404 

37 444 934 
44 647 768 
38 481 376 

41 075,630 

81,137,103 
72 294 127 
78 361,272 
92.404 004 
78443,009 

110417801 
113.898.209 
76.701.820 
41 466 614 
49461.328 

63 143 891 
87431 440 

137,348,679 
190,499.384 
191.733,981 

184,613.094 
100.446,466 
173,668.693 
189,917,690 
140,944,993 

149.103,093 
163,818.007 
303.889,607 
182.041,634 
218.074.149 

210.992,09.S 
272,848,098 
262410.202 
218.148.910 
162420.222 

203.894,729 
190,434,399 
189,844.772 
187491.939 
212,238.440 
210.746,910 



^ 

1 ^ 

§ 

^ 
r / < 

Year 

1918 
1917 
1918 
1919 
1930 

1931 
1922 
1933 
1934 
1(35 

1(26 
1927 
1(28 
|93( 
lUO 

1(31 
1933 
1933 
1(34 
1(15 

1(38 
1(37 
1938 
1939 
1940. '. 

1941 
1912 
1 9 ( 1 . . . 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

19(1 
1952 
1953 
1954 
tus 
1(56 
1(17 . . . . 
1(48 
K H 
IMO 

1(41 
1961 
194] 
1944. 
1(46 

1944 
1947 
1948 
1949 

YEARLY LANDINGS IN POUNDS 
Pacific bonito 

California watera 

465491 
889.176 

1266.047 
2.908.74S 

471193 

141.8(9 
( 9 4 4 0 

. » ; nuia 
1(41(0( 
1.121.478 
1434.719 

(914(4 
1448.4(1 

1,0I4.I1( 
1,674,487 
1.987444 
1.001448 
1283.740 

1218.679 
(.707412 

' 4.684470 
6.097449 
1.(11.121 

7.890.498 
860.811 
801.639 
128.175 
139,044 

682.948 
384427 
314.993 
99444 
11.458 

(4.047 
7.604 

19469 
318.701 
404(4 

32.491 
110.174 

4.804.784 
3.001458 
14l(.883 

1431400 
1071.(98 
44l l . (0( 
1604.411 
8,813499 

11408,171 
17.841.(37 
14,(03,157 
11174.504 

South of aUU 

14.715 

1761647 
600441 
20149( 

81878 
63450 

638.476 
201187 
94,191 

171498 
694432 
770470 

3,134.468 
1,297.784 

45,(38 
1.185.799 

384,956 
1(9.648 

8.(33.744 

4.((9437 
1100.868 
3.149.423 
1321.628 
1.718419 

1.067.106 
78(.884 

1,480.764 
492.694 

3474417 

6,042.700 
13412.816 
8.920.134 
1.730497 

661168 

732.7(8 
2.135413 
3.083.578 
1100.399 

(4.838 

101133 
108.976 
741022 

8.658 
10461 

73.(72 
(2.904 
9.017 
6.858 
(.941 

840,310 
1477.8(4 

18.(73 
4.027.342 

Total pounda 

480.406 
889.376 

1441.714 
1.500.098 

871648 

334,737 
957.943 

1,115,347 
1.045483 

871184 

3.131.404 
1.718.008 
1107.089 
1,918.644 
1184.280 

1.079.671 
1862488 
3.363,199 
1203,694 
7.894.484 

741(418 
7.801070 
7,831991 
9418.876 
(491,140 

10,907.603 
1.650.689 
2483.899 

818471 
3.714,181 

8,621848 
13,697,183 
1131126 
1.831641 

695414 

776.803 
1142417 
3.102447 
2419.060 

111990 

127414 
219.149 

8.(48,806 
1,011416 
1460.(44 

1(11(72 
1114.903 
4.021(21 
2412469 
8.818440 

11141494 
2I4I143I 
14.931.929 
17.201,847 

Yew 

1916 
1917 
1918 
1(19 
1920 

1931 
1932 
1931 
1(34 
1(38 

1(28 
1927 
1928 
1929 
1930. 

1931 
1(33 
1(33 
1934 
19)5 

1(38 
1(17 
1936 
1939 
1940 

1941 
1941 
1943 
1(44 
1946 

1940 
1(47 
1948 
1949 
1910 

1991 
1(53 
1951 
1954 
1(86 

1(54 
1(67 
1(68 
1989 
1(80 

1941 
1(41 
1(41, 
1(44 
1(46 

1(44 
1(47 
1(68 
1989 

YEARLY LANDINGS IN POUNDS 
Salmon 

CoaaUlporU 

(.692418 
84K.997 
(.911446 
7.208482 
(.0((.I90 

4.481.101 
4,118417 
1738.914 
(474,671 
8,481.(18 

1881(77 
4.921.600 
1.444.104 
4.031.660 
4.081.650 

!.88(.84t 
2.(49.204 
1.697.681 
1.921.830 
4.771111 

4,091478 
(.914.996 
1170.(31 
S4317(( 
1160493 

1(48.010 
4.041.104 
(.188,(37 
7.031.848 
T412.TM 

7.1(8,637 
1I04,2»7 
1880418 
8431.021 
>,86744( 

(.849.(30 
8.438,890 
T.138,323 
8,699,879 

tM»,nt 
10474.(03 
1178.909 
1,694441 
8,768.699 
(411.448 

8.817.907 
6.(71.881 
7.851188 
( .4( I4I( 
•.717.771 

(.448.(9( 
7,401.739 
(.9(I.NI 
11(0.904 

Sacnoealo arc* porU 

14(0.788 
1079,487 
(.918.039 
4.829433 
1880411 

1811.127 
1.785.066 
1441.94( 
1841110 
1778.846 

1.361.778 
920,788 
8(1.777 
(81.497 

1413,898 

(41.805 
1.144,(87 

464,283 
1(7,673 
(88481 

(4(.I7( 
074.(71 

l,66U78 
4(6.(31 

1411(88 

•44.«63 
1863,(44 
1496,424 
1461141 
(.4(7.(M 

(.4(144( 
1480.484 
1.931801 

899.090 
1403.890 

1441171 
738.081 
869.696 
900.961 

1420.748 

l . l l l l U 
111414 

'4(i 

Coaatal rivera 

1.896.692 
999.097 

1,321413 
1.401123 
1,207417 

996.700 
1.131.741 
1,109.191 
1.000.684 
I.28S.371 

9 5 8 4 2 6 
8 8 1 1 4 1 
480.481 
429.714 
7 0 1 6 1 6 

886,085 
703,990 
446,620 

10,931394 
11 OQO 981 
I3!093.I88 
13 149.727 
11,133419 

7 990,933 
7 235,124 

1 7 090,260 
10 016469 
( (24.751 

6 084.079 
1411.929 
4.478,848 
6044.871 
6 001.894 

4 294411 
4 618.181 
4.648.434 
4 319.102 
5.661,980 

6 042.654 
8.909.867 
3 839 397 
3 735,688 
6 675.981 

1700,991 
6 616460 
6.680,951 

10 386.901 
13480,714 

13,659,773 
11.484,781 

7400.718 
0.430,111 
7,070416 

7,193.701 
7,374,971 
8.005419 
9400,640 

11.(77.743 

11,414,487 
6.498.733 
1494,841 
6.761162 
6.221.446 

8.637.(07 
8.673481 
7,891188 
1 4 8 1 4 1 9 
9.737,778 

1 4 4 8 , ( 9 1 
7.401.739 
1991.931 
1150,906 

Cd 



YEARLY LANDINGS IN POUNDS AND TONS 
Anchovy. Pacific Herring and Sardine 

SEASONAL LANDINGS IN TONS 
Sardines 

?/l 

Cd 
I 

t o 
vO 
- J 
<1 

• — — T " 

Year 

1916 
1917 
1918 
1919 
1930 

1(31 
1933 
1(33 
1(34 
1(21 

1(26 
1(27 
1(21 
1(29 
1(10 

1(11 
1932 
1933 
1934 
1935. 

1936 
1937 
1938 
1919 
1940 . , 

1911 

1943 

1945 

1948 
1947 
1948 
1049 , . 
1(50 

1(51 
1(53 .^ 
1(51 
1(64 
K U 

1954 
1957 
1958 
1959. . . 
1(40 

1(61 
1943 
1(43 
1(44 
1(81 

1(44 
1(47 
1(68 
1969 

Aocbofy 

Pounda 

(31,309 
(28.753 
888.161 

1.609.848 
(81774 

l . (4(4( l 

tu.m 
107.074 
a41«(l 
N j n t 
60.167 

168.101 
1(7.470 
1(1.44( 
S I I H I 

107.494 
399417 
117.393 
357.506 
171(70 

191122 
228429 
711144 

1147.901 
6417.797 

4.109482 
1.694,290 
1471803 
3.891.039 
1411880 

1.931.427 
11941421 
10.839,930 
3,331373 
4,878.487 

8.954.853 
((.782.870 
85.831478 
43.410.364 
44.691.8(3 

(6.930,585 
40447,526 
11.602.724 
7.173.739 
(.048.603 

7.711,673 
3.764,003 
4.(70.380 
4.(74.089 
8.713,034 

62480.236 
69,609477 
31.071116 

134,277.718 

Tona 

268 
284 
434 
809 
ttt 

'< •71 
(M 
1(4 
174 
4( 

10 
1(4 
179 
Kl 
160 

1(4 
190 
199 
129 
(0 

(8 
111 
168 

1.074 
1189 

2,093 
847 
788 

1,946 
808 

901 
1470 
1418 
1.681 
2.430 

1477 
37.8(1 
43418 
31,209 
33448 

21460 
20,274 
6.801 
3,987 
1439 

3,844 
1.383 
3,385 
3,488 
1866 

11,140 
34,805 
16.638 
67,639 

Pacilie herriof 

Pounda 

19216(1 
7.431((7 
7,(31280 
4489.899 

274,384 

(41134 
341.431 
181490 
419.420 
841.774 

4(1.607 
1.168.321 
t.139.683 

9(7.(61 
717.(14 

( ( i .7 ( ( 
761724 
601.448 
801.601 
(21880 

S41810 
631.330 
604.884 
303443 
451.191 

7817(1 
190.818 
6304(8 
422.290 
460.468 

481.770 
1.444,850 
8,000.493 

179411 
1.426,111 

4.923.645 
1496488 
7.801.928 

911.904 
1441(21 

1,734.776 
1.188.080 
3.399.730 
1.727413 
1.800.673 

1.401448 
1,304.469 

630.087 
149470 
6164l( 

241.971 
271.902 
197,869 
170,933 

Tooa 

1.464 
3,718 
3,949 
1148 

137 

271 
171 
192 
318 
431 

127 
(84 
(70 
479 
111 

141 
181 
Ml 
401 
484 

420 
118 
153 
161 
327 

395 
95 

115 
311 
330 

341 
827 

4.000 
IOO 
711 

2.462 
4.748 
1.901 

4(4 
(71 

808 
(04 

1.200 
804 
(00 

701 
4(1 
111 
171 
3(8 

K l 
134 
179 
89 

Sardina* 

Pounda 

16.648.839 
104,103431 
197,853,811 
163.877,179 
111621914 

(1331305 
91,399,900 

168.169454 
341689.998 
319.394,(88 

386,741,350 
343.27548( 
420,26(,64( 
451.771,(04 
(02.042,747 

344,3(1.801 
422,809,718 
826,397.481 

1.119.931.0(0 
1.095,758.(48 

1.463.(41700 
1.071.490.626 
1423489.489 
1.160.793,581 

909471403 

1.361480.393 
969,747,099 
972,289418 

1.147.207.882 
846.061774 

811759.173 
255,6I1»48 
381037.087 
633479,791 
714,533.7(1 

131900,731 
14,330.430 
1468.892 

138,604417 
145.807.749 

01664446 
45.862,104 

207,449.837 
74,364.868 
87.933.719 

41169.044 
15.163,963 
7.I1I.32I 

13.137.483 
1.924419 

878469 
141764 
124.088 
105,273 

Tona 

7,824 
(2,052 
78,826 
76.939 
(9,360 

39,666 
46,700 
79,080 

121.343 
1(7,(48 

143.371 
171.138 
l l l l l l 
131888 
2(1,031 

182.176 
211.309 
111.109 
669,966 
(47.879 

711,773 
618.746 
611.699 
680497 
461987 

831,340 
484,874 
486,119 
671.604 
433,611 

2(1380 
127.757 
181.018 
318,890 
3(7,3(1 

1(4,4(0 
7.I6( 
4,714 

68411 
71804 

34,777 
33.931 

103.733 
37.183 
18.764 

11,584 
7,681 
1986 
6,669 

963 

439 
74 
62 
93 

Seaaon* 

1914-17 
1917-18 
1918-19 
1919-30 
1930-21 

1921-33 
1922-21 
1923-34 
1934-35 
1934-38 

l93(-37 
1937-38 
1928-29 
192».10 
1910-11 

1911-11 
1(31-11 
1931-14 
1914-18 
I91(-19 

1936-17 
1937-38 
1938-39 
1939-40 
1940-41 

1941-43 
1(43-43 
1(41-44 
1(44-46 
1(46-46 

1(46-47 
1(47-48 
1948-49 
1949-80 
|96(l-(l 

l9( l - (3 
I9(3-(1 
t «U-U 
im-u 
K U - M 

1(86-67 
1967-68 
1968-69 
1969.40 
I94»-4I 

1941-43 
1(43-43 
1(41-44 
1(44-48 
1(41.48 

1(44-47 
1(47-48 
1968-69 

Raductioa 
•hip* 

10460 

11.040 
(8.790 
(7.820 

112.040 
150.880 

236410 
67.680 
41890 

8*0 Fraociaeo 
*r«a 

" 7 0 
450 

1.000 
330 

80 

no 
190 
(80 
640 

3430 
16,690 
13.630 
21,980 
26.970 

31.607 
11634 
16418 
88,477 
71147 

141,099 
111.718 
201400 
212.461 
111093 

118.689 
116.884 
121612 
116.(98 
(4.101 

I I U 
(4 

IK 
17,443 
12417 

n 

MonUrer 
ara* 

7.710 
23410 
15.750 
41.040 
34.(80 

164(0 
3(410 
45,930 
87410 
(9410 

(1.(80 
98.030 

130490 
180.080 
I09.830 

89.078 
81(9( 

181480 
310,884 
184.470 

30(,70( 
I04.93( 
180.994 
227.874 
t ( l ( 9 ( 

180.1(7 
184.199 
218418 
317448 
I 4 ( 4 K 

11.1(1 
17,810 
47,882 

111,789 
U 6 ( ( 

11197 
49 
68 

8(4 
( l ( 

(1 
17 

14.701 
11109 
1440 

1211 
1411 
lOK 

108 
K l 

11 
10 

Loa AnieU* 
area 

17480 
41440 
12.530 
16.680 
11.740 

11220 
11.170 
11040 
96.130 
81.990 

64.720 
67.900 

119.250 
140.640 
11490 

42456 
83,809 

136,047 
178418 
118.400 

118.111 
100,947 
141401 
91837 

176.893 

148411 
301.610 
138411 
1712(4 
171110 

194.774 
101.1(4 
131.(30 
186,433 
101491 

111,774 
6.633 
4.111 

(7.099 
71941 

11.8(4 
3344( 
71344 
11.144 
11414 

11491 
3.941 
I49( 
(.717 

(11 

111 
(1 
41 

Sao Dic|o 
area 

1440 
7.360 
6410 
6,410 
1.620 

910 
3.620 
1780 
1820 
1710 

1110 
4490 
1,420 
2,620 

80 

264 
62 

1.746 
4,865 

11651 

4.594 
383 

2.800 ' 
113 

1.301 

1.685 
2.868 
3.690 
2.767 

951 

4.768 
1483 
3,922 
1281 
1910 

14(1 
27 

323 
(10 

l ( 

• "i 

103 

2 

"« 
78 
11 

10 

"ii 

ToUl 
i:*a 

27 530 
72 680 
76 440 
87 030 
38 450 

16,600 
65,110 
83.910 

173,020 
117,370 

153210 
187460 
264 480 
321170 
181120 

164 645 
240890 
383 439 
695,094 
660 498 

738 134 

679 287 
637,264 
440.684 

687471 
604 661 
478,130 
884.905 
401.683 

131 341 
183,736 
331934 
331088 

121104 
6411 
4 4(2 

88,466 
74,461 

83.643 
32 273 

103 971 
17.244 
21871 

21(28 
4.172 
1941 
8 101 

719 

144 
71 
93 

' Saaaoa Juaa thro«(h t h * foUowiag May. 

* lachidaa Raductioa Sbipa. 
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YEARLY LANDINGS IN POUNOS AND TONS 
Mackerel 

Year 

IO 

1910. 
1917. 
1(18. 
1919. 
1920. 

1921. 
1922., 
1923. 
1924.. 
1(24., 

1928.. 
1927., 
1929., 
1920., 
1930.. 

1031.. 
1032.. 
1033.. 
1034., 
1919., 

1(36.. 
1(37., 
1938.. 
1919.. 
1910.. 

I ' J I I . . 
1911. . 
l U I } . . 
I9<< . . 
1914.. 

1946.. 
1947.. 
1919. 
1949., 
1990.. 

1941.. 
1942.. 
1943. 
1944.. 
19(4.. 

t 
Cd 

00 

1946. 
1(97. 
1(98.. 
1999.. 
1(60., 

I (« l . . 
1942., 
1941.. 
1944., 
1944.. 

1966.. 
1947.. 
I9C8.. 
19*9.. 

Jack nackerel 

Pounda 

211131 
482,439 
431410 
093,290 
368,828 

943.108 
930.400 

1.010,890 
1.481.374 
9.983,934 

To(ia 

118 
231 
269 
319 
184 

282 
268 
909 
791 

4.992 

Pacibc uiarkerrl 

Pounda 

4.990.382 
0,541.038 
4.133418 
3.700.155 
1.433,637 

2.0C8.CM 
4,348,501 

12,C<llO;4 
12,777.077 
9,032,987 

15.093,331 
129.041(07 
72.891335 
61.250.088 

133.259.752 

89.838.005 
140.521.873 
85.750.855 
17.333.581 
U,754.;07 

;i763,IIO 
82411.785 
22,065,801 
37.607,227 
74.949.493 

07.GO0.304 
89.971933 
99,442.284 
81092411 
64.444.380 

40,802,400 
•.i».\m,ni 
K .m; ,v i i 
51.921,103 

2.300 
3.270 
2.087 
1,880 

714 

1.034 
2,c;i 
0.390 
1388 
4410 

7.947 
64.624 
30.449 
29.629 
(8.628 

44419 
73.261 
27.879 
8.487 

17.877 

37.881 
41,004 
11.033 
11794 
17,473 

48.803 
44.99(1 
47.721 
44.846 
31.333 

211,431 
I'l.lUl) 
27,831 
29.900 

1410.001 
4.728.903 

311(1.208 
97,073.092 
11911,144 

T o n , 

3.133,440 
2,397,1'JI 

1.805 
1364 

17,638 
219*7 
8,204 

Unclaaailied mackerel 

14.294,081 
12,473.746 
69413.680 

I134I8.586 
141437,203 

100442414 
60,934.701 
79,848418 
80,909.374 

120.504,412 

;8.147.20O 
52.453,603 
•1214,790 
83.656.900 
53.716.704 

93.875.327 
4(.4;8.362 
39489,801 
49.771,273 
32.849.960 

33418.820 
20.604,761 
7.502.181 

21391804 
33410.303 

60,011009 
63,043.776 
37.841484 
37,603,134 
31808.690 

41.111194 
41578.830 
40,242,676 
21827.881 

7.090,060 

4,620,504 
iiatiail 

7.127 
8.237 

34,807 
(4.924 
73414 

50,271 
30.468 
31924 
41454 
40.292 

39,084 
26.277 
37,607 
41.828 
26.848 

20.938 
23.239 
19.693 
24,886 
16.324 

10.769 
10,302 
3.741 

13.698 
11,649 

25,000 
31.022 
13,834 
11801 
11404 

22.064 
24,28'J 
20.121 
13,414 
1628 

2415 
Ml 

1,907 
1.179 

Pounda 

1,113,008 
3.345.543 
4,005,900 
2,644,6(8 
2,997,308 

2414413 
2.461702 
1553454 
3.227.300 
1906,103 

Tona 

557 
1.073 
2.003 
1.327 
1.400 

1,457 
1.233 
1,777 
1414 
1,743 

Total 

Pounda 

1,113.998 
3.344,403 
4.004.900 
3,644.596 
3,997,308 

3414413 
2.464,762 
3,663494 
3,227.300 
3.404.103 

3.848449 
1191.442 

36,789.744 
48472442 
11900.192 

14417.189 
I34I1I64 
70.624.410 

116.420.840 
144.411,124 

105.141.606 
67.477.727 
83.081.933 
84,689,639 

131,937,049 

80,239.889 
97,902,164 
87.913,771 
90.433477 
62,749,732 

68,968,648 
179,526,869 
112484,136 
101,031,381 
166.005.721 

123,398419 
167,128.434 
83,253,038 
41721184 
49.044.009 

124,771110 
144,044,680 
49,714,286 
75.109.361 

111,754,143 

141.716.498 
138,657.751 
135,884,900 
116,630,703 
73,718.43( 

41491413 
.19..147.154 
58,801,128 
54,278,350 

Tona 

547 
1,673 
2.003 
1.327 
1,400 

1,457 
1,233 
1.777 
1414 
1,753 

1,923 
2,696 

17.895 
29.336 
1450 

7,409 
0,604 

36.312 
67.715 
71204 

52.671 
33.739 
41.991 
43,311 
80,968 

41118 
28,951 
41.957 
48417 
31,375 

34,484 
87,763 
64,142 
60411 
82,943 

81478 
83.643 
31.424 
31.363 
29,633 

63,888 
73,028 
24,887 
37,444 
(4.877 

70,848 
69,279 
67,842 
68,240 
14.848 

22.746 
11674 
29.400 
27.139 

Year 

1(16., 
1917.. 
1918., 
1919. 
1920. 

1911. 
1922. 
1923. 
1934.. 
1921. 

1928.. 
1927. 
1928.. 
1929. 
1930. 

1911. 
1911. 
I d ! . . 
1914.. 
K U . , 

1916.. 
1917.. 
1918.. 
1(19.. 
1940.. 

1941.. 
1942.. 
1941.. 
1944.. 
!94( . . 

K 4 ( . . 
1947.. 
1948.. 
1(4( . . 
1(60.. 

K M . . 
19(2.. 
19(1 . . 
19(4.. 
K U . . 

K M . . 
19(7.. 
K U . . 
!(((.. 
1(40.. 

1 (81 . . 
1 (81 . . 
1 (41 . . 
1(44.. 
K U . . 

1(44.. 
1(67.. 
1(66. . 
I ( 4 ( . . 

YEARLY LANDINGS IN POUNDS 
California barracuda 

Californi* »aUr* 

1226.(91 
2.(61488 
1.886,(91 
4.031843 
4.(8(.388 

4.(88.900 
4.731.448 
(,IU.814 
4.711.779 
1(714(1 

1448.169 
44U.681 
4484414 
1911899 
34l l . (0( 

1416.06( 
1(04.101 
1911163 
1,801,364 
1.001.(47 

1347.U8 
1.7(9.046 
1440.790 
2.947.780 
1(41661 

1971440 
1441181 
3482.884 
2417.430 
1.744.660 

1.617444 
1.691847 
1.100,081 

(01,674 
890.419 

670418 
747,687 
(46.942 
4U448 
121411 

80.181 
187.141 
761.266 

1.110.409 
1.147431 

478.161 
43l.76( 
147464 
381.028 
171,001 

213419 
381424 
114,614 
70.833 

South olaUU 

460460 
94,(44 

951,993 
1.786.109 
3411(47 

1.031262 
1.421770 
2.044,791 
2494.744 
10919(6 

1077,299 
1,844.156 
2.067442 
1.302.711 
1.250,158 

811.473 
421474 
160.810 
381.548 
611877 

721984 
1.131441 
1.300.023 
1.124.274 
I.I61I7I 

1.230.470 
1411474 
1493.464 
1430.878 
1138.697 

1.449478 
949.878 

1.034444 
1.644.110 
1467.980 

1,436413 
1,348.539 

873.904 
1.079.793 

811128 

702474 
294.621 
161,991 
41192 
11437 

111417 
224.707 
11460 
81,119 
89.0U 

89.7(7 
11.960 
26.944 
1,740 

ToUl pounda 

2.687402 
3.060.323 
4.837484 
5.824457 
1201.311 

7,621162 
6,290.218 
7.200475 
7.121523 
8.031449 

6,022.464 
4,199,739 
6.452.456 
1221610 
4.763.766 

4,177,518 
2.928.775 
3471062 
3,183.823 
3,617.824 

2.977442 
2438.400 
1521812 
4,092,054 
3.714.832 

4.201,938 
3,494.537 
3.775.338 
3.648,308 
3.873.397 

3.107.024 
2.661746 
2.124.737 
2.447,684 
2.248.415 

1106,928 
3.094,306 
1,438,844 
1,542.739 
1,140,059 

752,627 
682.644 
915499 

1.192,601 
1,221688 

709479 
741478 
371714 
334.140 
363498 

311116 
311181 
140,600 
74,993 



YURLY UNDINGS IN POUNDS 
Calllornia yellowtail 

YURLY LANDINGS IN POUNOS 
While seahait 

O l 

GO 

Cd 

CA 

Year 

1(16 
1917 
1918 
1919 
1930 

1921. 
1922 
1923 
1924 
1(36 

1914 
l(37i 
1928 
1929 
1(30 

KI I 
1(12 
K U 
1(14 
1(14 

1918. 
1917 
19U 
1939 
1940 

1941 
1942 
1943 
1044 
1948 

I94( 
1947 
194( 
1949 
1(50 

1951 
1913 
K U 
1954 
K U 

K U 
IU7 
K U 
1(69 
1(40 

1941 
1943 
19U 
K44 
1944 

1944 
1967 
I9U 
1949 

Ciliforai* n t e r * 

1.1374(1 
1716.904 

11471426 
4.871.781 
1481(17 

l e e w M < 
I M U l i 
K M 4 S t 

1171414 
I.4U.4U 
1497.017 

841(4( 
I 4 U . U * 

1491(80 
l,034.0U 
U l l l K 

110,(90 
( H U l 

141.721 
121.(81 
146.218 
262,624 
139.034 

(1924 
U417 
33.369 
31464 
13.416 

11488 
101,708 
146,(U 

11907 
1727 

14.4(4 
( I . IK 
14.179 
l l . (4( 
1(70 

I K M 
160.898 
104.484 
207,187 
1M,8I( 

80.8(9 
17,044 
11441 
11878 
11622 

16.880 
11179 
21460 
11,744 

South of aUU 

16.141 
9,089 

119.948 
113.603 
311400 

381.170 
303.291 

1.094412 
14(1.137 

(91.170 

1,849,8(0 
178(4(7 
1480.477 
341(4I ( 
l.((17(T 

(11171 
771,178 

1141401 
1118471 
7 4 4 1 l l ( 

( . n i 7 4 7 
1147.491 
1644,080 
1601.764 
6.617.7U 

1714.7M 
2471.242 
4.901.420 
1921707 
1610.417 

4410.398 
9.849.148 

111U.I4I 
7401.833 
1434.174 

4.861383 
(496.863 
11(1004 
1444.(33 

1617U 

U l l K 
1U,0U 
44.144 
24,0(7 
d l K 

100,080 
1(I49( 
44.2(1 
84.221 

l l l l U 

209.137 
137.489 
140.717 
222.411 

Totol pouada 

I.IU494 
1.74199( 

1141(471 
(.00(466 
1704,917 

2.490.796 
1.414.421 
4.081.808 
4,714,149 
11118(1 

(.011,114 
4.334.(U 
1(83414 
1,076.264 
4.770.7U 

1 ( 2 1 8 U 
1.7(8464 

inieu 1147.161 
1141718 

10.0(1470 
1171.471 
1812418 
24664U 
8.(U.804 

1830.6(0 
2.72646( 
4.(14.87( 
19(7.171 
(.U4.0(l 

4.MI.(81 
(.9(1,8(4 

11114.6(4 
7417.740 
1811901 

4.M17I8 
9.441979 
( 4 I 1 1 U 
1.8(6.778 

184421 

170.U7 
801961 
169.610 
111484 
248411 

180.789 
188.421 
69.726 

110.099 
137.808 

346,207 
150,668 
163,177 
334.155 

Yeu 

K K 
1(17 
K K i 
K K 
1(20 

1(21 
1(32 
1(23 
1(34 
1(36 

1(28 
1(27 
1(28 
K3( 
1(30 

1(11 
1(33 
1(33 
1(34 
1(35 

1936 
1917 . . 
1938 
1939 
1940 

1041 
1(43 
1941 
1(44 
K45 

1(46 
1(47 
1(48 
K4( 
1940 

K( l 
19(3 
K U 
19(4 
K U 

K U . . . . . 
1(47 
19U . . 
1(6( 

i(S:::::" ::::::".::::...i.. 
K6I 
1(63 
1963 
1964 . . . 
| ( U . . . 

1(68 
1047 
1(48 
106( 

Qailbral*w*un 

477.0(1 
861187 

I.4U467 
1180.713 
1171648 

1089.414 
1191811 
1.781,(70 

(11760 
8(1417 

1.477.78( 
808.669 
824479 
(U.6U 

14112U 

I.0U.I62 
M74U 
821129 
461291 
(41900 

U4. (U 
2U,I9( 
189.987 
806.604 
811407 

811464 
1U.8U 
171178 
3(4.070 
1(0.4U 

471104 
(92414 
7(16(1 
941103 

I.IU.4U 

9U.42I 
(92,391 
471404 
4144(4 
(44.9U 

411.(U 
14(1.(U 
17M.411 
1488.7(1 
l,0W.8(l 

4(1491 
208467 
171479 
8(0417 
(77.607 

674.(4( 
(07.6M 
110,050 
250.908 

South of aUU 

121.024 
10410 

184.891 
74.694 

2(2.463 

600.078 
736420 
(91477 
(90.829 
904.672 

731613 
1.486448 

479439 
606478 
W7.I37 

141491 
117.433 
334.980 
383.898 
4I7,(I( 

341117 
136424 
356460 
187,792 
104.409 

7(442 
197.200 
131.005 
119418 
147463 

144.271 
190.709 
124.69( 
464.0(7 
407411 

(77.827 
414411 
402487 
771,757 
16(411 

M7467 
141140 
(9.111 
17.M1 

149401 

211.731 
161541 
818.741 
840.264 
850.U8 

663.305 
711171 
651.830 
847,803 

791115 
899.997 

1411620 
3,4U467 
2.621108 

1U1489 
3.933.051 
1171847 
l,489.U9 
1481109 

1418.403 
2.271407 
U004I4 
1,561233 
1.631433 

1,391411 
804,794 

1.183.079 
851,197 

1444,419 

801093 
591419 
621647 
994496 
911718 

908.298 
(63.8M 
500.183 
191488 
(37.730 

(11476 
1.083.023 
1.114,200 
1,409.699 
1411.374 

l.(13,3U 
I.I47.I03 

(73,393 
1404,111 

9I4.M( 

1.081.333 
1.607.004 
3.841763 
1433.M1 
1.211198 

694,224 
674.408 
891420 

1.191.081 
1.421144 

1.337.840 
1.221749 

861.880 
1.098.708 

m 
z 
g 
X 



•0 
m 
z 
o 

YURLY UNOINGS IN POUNDS 
Giant sea bass 

iA 

Cd 
I 

to 
00 

o 

Year 

1918 
1917 
1918 
1919 
1920 

1921 
1922 
1921 
1924 
1924 

1926 
1927 
1928 
1929 
1910 

1911 
1912 
1933 
1934. 
1(33 

1(34 
1(37. 
1(38 
1939 
1940 

1941 
1943 
1943 
1941 
1944 

1946 
1947 
1948 
1949 
1940 

1941 
1993 
KM 
1994 
K U 

KM 
1997 
I'JU 
1999 
1940 

1941 
1903 
1943 
1944 
1(49 

1904 
1907. 
1968 
1909 

California vaUra 

129,414 
192.970 
210.433 
130.997 
tiJUt 

•MM 

B 
IM4M 
120.070 
in.738 
204441 
1(4.091 
1(7.471 

344417 
111.201 
1114(2 
(1.7(2 
17421 

K.U4 
21412 
14.S4( 
11(44 
417(4 

37,801 
13.717 
11271 
11478 
11481 

26426 
18.922 
16.637 
17.331 
11.(03 

15(0 
(471 
7.833 
6.839 
7.(U 

1(410 
1103 
1903 

10.0U 
20.(09 

12,509 
1188 

13,900 
14418 
IIOU 

7.484 
11.893 
14419 
7,081 

South of aUU 

24.028 
6410 

38.301 
81373 
(11(8 

40438 
11643 

l ( l .3U 
143.717 
U . I U 

2(7,U4 
2(4.849 
1774(1 
1404(1 
1M.U8 

141047 
241.841 
111.441 
(07.748 
( I441( 

171741 
((1173 
372.(78 
427.(7( 
1214N 

171.716 
144.041 
UI484 
411402 
310.887 

406416 
121181 
171474 
07,180 

111891 

268.894 
101222 
404,IM 
144.441 
14;.814 

291.708 
231.081 
300.064 
330.834 
32I.12( 

337.U4 
438.031 
389419 
208.697 
338.697 

333,481 
318,711 
143.603 
147.077 

Total pounda 

1U440 
1U380 
248,795 
IU470 
148.017 

127.431 
97454 

228.998 
211,404 
189,071 

177 914 
487,898 
183,118 
4044U 
1M.00( 

(03.0(4 
471,846 
4U.021 
Ml,49( 
U1.7(( 

1(8 6(8 
716 884 
407,828 
460.941 
1 U 8 U 

409,817 
378.780 
700.8U 
434,880 
110,1M 

4]3,HI 
344,304 
1U.0II 
114.401 
l(0.7M 

277,484 
111494 
411.979 
180.276 
181487 

131418 
243453 
318,027 
249,909 
24I.6M 

340.363 
444.300 
303479 
331715 
351,790 

340.M7 
231404 
1U.421 
194.701 

YEARLY LANDINGS IN POUNDS 
So le * 

Year 

1916 
1917 
1918 
1919 _ 
1(30 

193l..i 
1922 
1(31 
1(34 
1925 

1928 
1927 
1938 
1939 
1(10 

1(11 
1911 
19U 
1914 
K15 

1(18 
1(17 
1(38 
1(39 
1(40 

1(41 
1(43 
1(43 
1(44 
1(48 

1(48 
1947: 
K48 
1(49 
K U 

1(81 
1063 
19U : 
1954 
1(U 

19U 
1967.. 
K U 
1(69 
I960. 

1941 
1943 
1963 
IM4 
1(45 

1(44 
1(47 
1(48 
1(6( 

O n a 

7434438 
7.890.071 
1(41179 

1(1I41S 
11.741111 
1(04467 
1910.411 
1 I U 4 0 I 

•461414 
7.(11117 
10U.040 
7427.420 
1184414 

T.82641J 
8.681.091 
1781.712 
11U418 

10.7(9.941 

10411.411 
7418.017 
84U.611 

12411M2 

Eofliah 

IMOllM 
(41(.(M 

8.3M487 
(.760,080 
4.953.934 
6470.434 
1 0 U 4 3 ( 

1271(1( 
1031U1 
1093.170 
1064.M( 
1U7440 

7.171727 
1179.602 
1I7I.(4( 
17114U 
10(0.(91 

( .UI . (H 
44II .4U 
4.099.104 
1.74144( 
4.114.779 

14311(7 
4411(71 
1IM.114 
4417.4(1 
1171383 

1.84(4I( 
4406.048 
4.354.648 
4492.7(1 
4491491 

44444M 
1821.909 
8411.418 
3,804.047 

P a t n b 

I I " 

I 4 7 1 U ( 
1427.223 

9(3.434 
14U.(8( 
l , (U42( 

1.126.827 
1.802.721 
2.021146 
1.U1461 
l.»(.48» 

8(1.416 
(11.(80 
•11(38 

1.131.(88 
1.211801 

18M.3U 
1(47.177 
1081884 
4.(41.IM 
«4((.(M 

171(404 
1,8(1613 
14(0.181 
4.I7I.MI 
1411(10 

1(10.IU 
14M,8I( 
11(7.(78 
1(114(1 
147(.MI 

14M.719 
1041.164 
1417.948 
1.6(7470 
16614(7 

1(27.IM 
17U.(17 
1948.006 
1847,004 

Rax 

UI.240 
U6,6U 
U9.741 
711.498 
UI.413 

818448 
461.497 
(112(4 
M7.4M 
(914(0 

171.110 
1(7.(4( 
491671 
4I34M 
441179 

(71418 
843,088 
893448 
983407 

l .0(14U 

I4I1.(M 
I.IU.4(I 
1.021877 
1.I83.(U 
1.0(4.437 

1.147,621 
1414.494 
1.422491 
1.441,004 
1.107471 

1.208.829 
1.408448 
1.664472 
1,410447 
l,4W.47( 

I.W1109 
1.706.038 
1.930.(83 
3.340.164 

Sand 

34443 
71444 
(3472 

77447 
66,041 
34,435 
(9,705 
73.401 

77,130 
191545 
331408 
331197 
110.444 

219491 
109,897 
211,376 
301,704 

Unclaaai6ed 

(.407.188 
8,721429 
7.027.767 
6.528.685 
3.831.748 

4,870470 
7.041414 
7,084.011 
8.U84(I 
17(2.U( 

8.649470 
11479.766 
10481,719 
11.704.74 r 
I0424.0U 

7,204.107 
7,108459 
4,797.(28 

514.962 
508.540 

191966 
297,944 
242,291 
241411 
183.622 

82.MI 
138.070 
271612 
M.237 

350,483 

151.263 
163.947 
281924 
191,691 
812482 

179,389 
70,563 
36.948 
73.044 
11434 

32.842 
28.242 
14414 
21.197 

228.040 

34.484 
48,444 
41414 
47464 
43416 

34.947 
31.713 
29414 
li.luv 

Toul pounda 

6 407 186 
8,728.4)9 
7,027 767 
6 428.685 
3 821.748 

4470.870 
7 043436 
7 086 015 
I U 9 39I 
8.763 939 

8.849 870 
10.471765 
10 381,719 
11.708.761 
10,924,085 

9 412 682 
8 890 840 
8 311 095 
8,967,603 
1184483 

8.339.008 
8,302.223 
7.737,647 
1744,793 
74ri009 

4,621U6 
1 165.767 
4.782479 
4,700474 
7.782,702 

10 544,693 
12,333,594 
31,654439 
11739,485 
21476.508 

18.172,460 
20,809416 
17,446.013 
19.181.722 
17.141244 

I1I724I1 
• 7,627.639 
17.833.493 
11137,329 
11444,700 

11183.717 
17,501,557 
19494.520 
I>,3I9,769 
20,158.518 

19.980.738 
17.901130 
11465.117 
:i,ulu,ui 

* Prior to 1931. ftll «>1« wtrt eofflbintd u oot froup; iodiTiduil ipcein wcrt UbuUted Mpftrfttcly irbco lh«y became 
wffic'wDUy imporUoi. 



YURLY UNOINGS IN POUNOS 
Flatfiih other than lole 

YURLY UNOiNGS IN POUNOS 
Fishes 

to 
{Jt 

I 
Cd 
( o\ 

VO 
00 

z o 

Year 

1918 
1917 
1918 
K K 
1920 

1921 
1922 
1(31 
1(24 
KU 
1(36 
1927 
••28 
K K 
KIO 

K I I 
1911 
IMS 
1(14 

KU 
1(16 
1(17 
1038 
1(39 
1(40 

1041 
1943 
1949 
1944 
1941 

1946 
1947 
1(48 
K4( 
I9U 

19(1 
I9U 
K U 
1954 
K U 

KM 
1957 
K M 
1959 
1(40 

1(61 
1(61 
1(41 
IM4 
1014 

IW4 
1947 
I9U 
1949 

Califorai* 
halibut 

4,051171 
4.179412 
4424418 
4.491133 
4479481 

1 4 U 4 ( I 
1354.(0( 
2429.381 
1(71881 
14(1.UI 

144(411 
14014M 
l.l(7.UI 
1.102.(71 
1.097.J80 

M1771 
(41703 
«8(,44( 

1,017.008 
1.17(.8U 

14(1M7 
l.20741( 
1.078.129 

991.621 
941467 

7M490 
7M.U9 

1.111.998 
I.4U.4U 
1.741(11 

2.457.117 
l,787.Ml 
I401829 
I4M.41( 
1.0(2.74( 

(81201 
626.402 
( ) 0 4 l ( 
•41411 
(09.741 

4U.((( 
171( l ( 
347,448 
144441 
1744U 

(44.444 
SU.OU 

1.I3044( 
1.374.104 
I441.7K 

1,011.412 
U8.048 
471.444 
274,277 

Pacifc 
halibut 

70444 
l l l . ( U 
111471 
1 ( U 7 ( 
KUOI 

I4I4M 
i48 .n( 
K7.4M 
1134K 
K U K 

tu jm 
H l ( 7 1 
171.(40 
7U.(14 
4 I 1 ( U 

7M4(4 
(418)8 
121.484 

l.OllOU 

ei in i 
(10.4(7 
314.441 
421,910 
402.1(0 
109.491 

214.762 
2319M 
311.131 
3W.(4( 
I d l U 

401,070 
282.100 
I10.M9 
187447 
301.(00 

M.74( 
241UI 
(8419 
W.682 
(1.(43 

n,iu 
26.206 
8471 
8446 
4418 

(.Ml 
1,646 
4.108 
8.040 
(41( 

•71 
4M 
127 
86 

Arrowiooih 
Bounder* 

• •--

ujii 
(1801 

111(11 
M,147 

690,4(7 
74844( 

1.070,(97 
913411 
641880 
787464 

1407,679 

f60.M9 
53,126 
17.345 
1735 

11.(94 

1.501 
6,041 

11400 
9,986 

SUrry 
Bounder 

4U416 
I.I5I.878 

818.835 
431,731 
48I,U7 

293,8M 
U9420 
(08.MI 
171770 
(94420 

U7.7II 
(90,084 
lOt.880 
U0.7(2 
1914M 

1618M 
(41,808 
467.(M 
U7.144 
( M , l l l 

( U . I U 
(74.770 
(41413 
71(411 
•04.08( 

801.677 
171128 
S0(.1(( 
IM.(20 
U744( 

(09.441 
U7.071 
406,141 
M4.174 
• I 1 7 U 

1.128.(93 
(97.477 
(03,428 
500.6U 
8(0.1(0 

171400 
404.461 
471.202 

1.046,928 
l i l O U 

116437 
338,192 
431410 
420.986 
378489 

380,638 
870,707 
8M.157 
374.840 

— 
Sanddab 

2.228,734 
3.631.862 
1,761,609 

709.738 
731410 

784,011 
1.170.979 
1,381,(11 
1.899.833 
I.9U447 

I.I41.M8 
892.718 

1.108.744 
I.0(14U 

( I I M * 

471.(0( 
M(44( 
Ml(94 
747.018 
(71(97 

( l l . (7 ( 
( I119( 
U1138 
831,304 
779,078 

441487 
)U.640 
(0(.1U 
U 1 4 ( ( 
(91.M1 

(71071 
701.411 
804.698 
7311U 
690.631 

(43.831 
859.874 
(91443 
761471 
7(I.M4 

7(94(0 
691083 
406.438 
4U.684 
141171 

543.M4 
471911 
651783 
689.626 
471041 

720,101 
687.168 
714.622 
CM.482 

Turbot 

3.408 
1437 
3,644 
l l l l 

U ( 

219 
1.U4 
1,011 
I44( 

. l .(2( 

I 4 ( ( 
14(0 
1)14 
1421 
7441 

112(4 
U.423 
41814 
73.648 
73487 

116.378 
71990 
84.8M 

I04.U4 
(1124 

21940 
1(71 

38.047 
73.838 

IW470 

49.847 
101.784 
114.701 
9(,00( 

111080 

110.1(4 
( l . (9( 
61168 

171918 
100,498 

U,294 
M.OU 
72,633 

121226 
41438 

71467 
80481 
M419 
91480 
71UI 

81427 
72.8U 
81604 
26,033 

Year 

1916.. 
1917. 
1918.. 
K K . 
1920. 

1931.. 
1933.. 
1(23.. 
1(24.. 
K U . . 

K U . . 
1(27., 

ins.. 
1(29.. 
I9U. . 

K 3 I . . 
K32.. 
1(33.. 
1(34.. 
K U . . 

1936.. 
1(37.. 
1(18.. 
K 3 ( . . 
1(40.. 

1941.. 
1943. 
1941. 
1944. 
K48. 

1(46.. 
1(47. 
1(48. 
1949. 
K U . 

1951. 
1961. 
I9U. . 
1954.. 
K U . 

KM. , 
1917.. 
K U . . 
1959.. 
1940. 

1941.. 
1963.. 
1963.. 
IM4.. 
1985.. 

K M . . 
1987., 
1968.. 
1969., 

Cabeioo 

669 
434 
187 

1.U3 

762 
1.828 
1.196 
1.048 

I.IIS 
4.878 
4.2W 
12W 

10,U7 

I14U 
1189 
1428 
4,021 
1.191 

11148 
l i l t 
7,U1 
1.908 
4.417 

1840 
4.628 
1203 

14,073 
11.879 

21876 
14.U8 
l l l U 
1282 
1(44 

11416 
11206 
11612 
1808 
1047 

4.(62 
2.474 
2411 
6,281 
7,438 

11199 
14,384 
)O.I04 
21837 

White 
Cfoaker* 

771287 
831250 

1.014,820 
809,178 
481.459 

391,0U 
68I,8U 
411,884 
3844IT 
U18M 

484,(2I 
829.287 
44I.7H 
471497 
4(7.1(7 

414.034 
447.UI 
(84.174 
(14441 
7(1(78 

W l l M 
•4(.7(( 
491.209 
(41MI 
4I11U 

131IU 
1(4.1U 
191611 
M7,70l 
4M4I( 

417.033 
4U. (U 
441133 
744,439 
7(0.711 

(S114( 
1.371702 
1,201.114 

(11,801 
8K.4U 

88(,870 
(164(2 
770434 

l,U4,382 
l,0711l» 

889,184 
U7,411 
U149( 
838.684 

I.IU.8M 

7W.((7 
4(1378 
(41.304 
6U414 

PaeiSc 
bake 

I8(4I ( 
394.331 
193418 
133.181 
141.981 

M.IU 
74418 
71M( 
80,780 
21017 

U . U 1 
(4.6U 

108.848 
148.669 

Linacod 

11(01 
39.001 
17.U9 
U.MI 
71841 

W.79I 
U.4(4 
1142( 
I I U I 
11049 

11044 
41.9(1 
10.106 
4.7(1 
1 4 l ( 

( M 
878 

4,800 
l , (U 

(00 

14.07) 
1141 

101.931 
(11.(33 
( U 4 4 ( 

1.371317 
1.110,004 
1,IM,I38 
1,097,049 

3U,0U 

11)79 
78,930 

131999 
111,839 
IK,3U 

M.002 
14.430 
1494 

37.047 

617,236 
930419 
911834 

1.061136 
687.964 

425,(43 
(61481 
487,347 
400.433 
(83.130 

640.903 
U6.308 
893,937 

1,107,120 
1.281171 

1,229,0U 
899412 

1.0W.(U 
U7.60O 

I4I7.4U 

791847 
t 6 1 2 U 
•41004 
878.(72 
892,241 

121772 
114,114 
71(418 
746.01( 
761191 

I,IM,I27 
1.(40.747 
2,0910U 
I.U1I84 
1411(09 

1.471114 
l.3M,37( 

991103 
(47.383 
961.938 

(31411 
I.631U4 
1,699419 
1,401397 
1,107.129 

1,439,943 
1.112,304 
1.133,008 

836477 
812,690 

800,301 
938.6U 

1,094.034 
1.111.(08 

llockfiih 

4411992 
7,7;4.n26 
1341794 
1391109 
1U1077 

4,761.698 
4,313.014 
4.091622 
4,741889 
14U,63I 

7,941989 
1390,604 
1411909 
1031409 
7.224,424 

7.2774U 
1636,319 
4.787,774 
4,601436 
4.UI,174 

4,603,904 
4.291414 
1437.137 
3.33.1,124 
3,471638 

14413415 
16,091,279 
17.841163 
11381.383 
I17 I1U8 

11830,763 
9.834.993 

11.749.460 
1117413 
9,392.424 

I0.0U.593 
9.798.941 
1444.396 
9,227,461 

SaUeKah 

81,633 
909.816 
498.937 
331,930 
781,033 

1422,812 
261541 
131292 
911310 
733,473 

171613 
991644 
911914 

1,431408 
I.U1I47 

1.021415 
971373 

1,331973 
1117418 
3441673 

1.035,930 
731499 
411836 
787444 
(717U 

1401(22 
1,421440 
1763,192 
1421230 

113M.074 

11.141.232 
1491184 
1907,204 
1941247 
1111102 

11993,603 
11727.621 
11228,663 
12,840,729 
I1UI.6(7 

431440 
1,971922 
3.209.374 
4.111491 
1284.397 

2.8M,873 
Ull IIO 

1061439 
1,741173 
1.684.301 

14U,413 
1,343.867 
1.651643 
3,357.531 
2,0«.737 

1881407 
1191783 
1,731992 
1.931356 
1411024 

1411538 
2416.237 
1.800.149 
2,463.492 
1843.990 

1211939 
3.791493 
3411499 
4.191818 

* Arrowtooth flouoder vera UbulaUd with unclaaaifiid aole prior to 1950. 
I Tbe drop in landioia alur I960 raflacU * cb*B|* ia rcportui tnimal food badist*-

* WbiU croaker include* queenllah. 
t Th« i n f in landinca alter 1940 rtBocU a chaaf* ia rapoctlnf * a l D * l food ' • • ^ i n n 

http://I0.0U.593
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YEARLY LANDINGS IN POUNDS 
Fishes 

YEARLY UNDINGS IN POUNDS 
Perch and perch-like fishes 

a> 

Year 

1914 
1917 
1916 
1919 
1920 

1921 
1922 
1921 
1924 
1939 

1924 
1927 
1928 
1929 
1930 

1931 
1933 
1933 
1934 
1934 

1936 
U37 
1938 
1939 
1940 

1911 , 
1942 
1943 
1914 
1949 

1946 
1917 
1918 
1949 
19M 

• 991 
• 992 
K U 
1994 
1(99 

1998 
1997 
KM 
1999 
KW 

1961 
• 962 
I9U 
1U44 
1(09 

KCit 
1967 
1(48 
1909 

Sculpin 

1014 
17,429 
28,237 
21433 
31874 

41380 
41121 
60.406 

109,070 
221104 

101068 
111447 
074U 

107,797 
81610 

91.688 
U.i03 
44,160 
61939 
81949 

110,417 
137413 
IU.388 
121628 
I23,IU 

91287 
44,333 
41990 
97,370 
94.6M 

141129 
127418 
1U476 
141367 
139.933 

101,437 
83,610 

111628 
134410 
lOlOU 

100,233 
71368 
(4.873 
37443 
29.201 

21718 
97.991 
71921 
94.225 
82.710 

I08,4M 
83,694 

1)9,179 
119.471 

. Shark 

31247 
287,872 " 
403,093 
411683 
811,349 

639.333 
281018 
360,3U 
391614 
] 7 1 i n : 

608,7)1 . 
131.8U 
431816 
833486 
(47,397 

(H,I34 
1 (90,(U 

471.030 , 
(212W 
(412U 

47I,MI 
914,205 

7.504.329 
1337.760 
7.860.030 

7.611334 
155I.M8 
3,729,334 
1611431 
1431096 

1,608.846 
3.637426 
1480,9U 
1,590,992 

717.247 

841334 
621238 
4417U 
770,337 
871301 

l,0U414 
721000 
491,711 
601191 
894,191 

C21972 
791177 
041307 
0416C9 
(4120( 

091790 
(91898 
4M.(47 
478.2U 

California 

3,519 
1 1908 

22.078 
17,972 
14,967 

23429 
11209 
31.638 
24,267 
41811 

' '' i l l927 
IH497 
171.877 
281422 
241,689 

191147 
•9.(91 
U.609 

141.181 
181023 

121177 
81.4M 
71031 
71461 
63,3M 

41119 
60,2U 

161,048 
1U.643 
249484 

267.124 
191489 
100.227 
4.1.424 
86.209 

61.410 
31231 
34.426 
21184 
11152 

1175 
11,033 
11.3M 
11333 
4.740 

11603 
20427 
21011 
17.0:l4 
11151 

15484 
19.628 
I2,7U 
I12U 

Smell 

991.509 
984,270 
796.084 
756,980 
744.187 

704,073 
831140 
801380 
7314^2 
75 ,̂6C9 

883.123 
981931 
921118 
933.094 

l.044,8U 

1.074.810 
(99418 
729,702 
731191 
875.480 

841.231 
883.070 
U7.UI 
474.9U 
441360 

451739 
441(39 

1481373 
1.441,044 
1361480 

7(3.336 
713410 
782.0(4 
711614 
(M.948 

1.091444 
444.479 
871118 
609.083 
780.173 

4M,331 
171.472 
849.U4 
641,944 
429.299 

491,269 
331498 
3614M 
414,039 
361961 

821457 
(91,974 
441M3 
413.401 

Swordliih 

I8l4<3 
11242 
11613 

14,803 
23,250 
11,091 
31,833 
27449 

41443 
130,388 
438.001 
603,081 
443.739 

341769 
441,470 
890,699 
283.958 

eeisu 
677.403 
821307 
721478 
6(4.360 
U7 , IU 

911739 
441W8 
331388 
761,696 
383,093 

863.494 
1.009.957 
l.l 13.808 

191361 
31494 

331034 
344.4M 
141831 
210U 

I34.U( 

271174 
376.(86 
471.775 
441220 
324,764 

361U5 
39,057 
08474 

183423 
337.174 

461773 
305,M7 
1913(8 

1.031,683 

WhIUbait 
ararit 

I6^,797 
123,079 
131897 

6919 
678 

1229 
84 007 
67418 

122 483 
70 968 

84.657 
134,149 
131180 
243 119 
174.917 

141,4(6 
113,(40 
91761 

105482 
184,141 

197,718 
81177 

101724 
IU881 
127,449 

131.103 
159,358 
141487 
269,421 
291,152 

344,477 
326416 
221499 
341,784 
)07,M7 

181054 
161116 
17139) 
)67,420 
214,658 

148.820 
241.600 
101808 
274,408 
168,4U 

331853 
188,357 
148,080 
101,316 
141694 

161259 
IM.694 
)U.MI 
181.449 

Year 

1916 
1917 
1918 
1919 
1920 

1921 
1922 
1923 
1034 
1936 

1938 
1937 
1928 
1929 
1930 

1931 
1933 
191) 
1914 
1915. . . 

1916 
1917 
1918 
1919 
1940 

1941 
1942 
1948 
1944 
1941 

1948 
1947 
1(48.. 
K49 
K U 

1991 
1(81 
K U 
1954 
K U 

K U 
1957 
K U 
1959 
1940 

IMl 
IMI 
1903 
1964 
1(44 

KM 
IMI 
K U 
1M( 

Opaleya 

17411 
I647( 
4471 
14M 
1.434 

1.781 
1.778 

IOO 
20 
1( 

" 4 4 
17 
7 

iliio 
(44 
•54 

( 4 7 ( 

1404 
(2( 
1(2 

11(4 
1117 

1411 
I I M 
14(1 
44M 
I40( 

14)7 
1.474 
4478 
1001 
114( 

11411 
17.)M 
11.171 
l(.(2( 

UalfBuwa 

30li04 
16408 
U.7U 

)4.6() 
21,(47 
18«0 

31194 
11411 

4 1 I U 
14431 
27.601 

*i(i 

'eii 

11(04 

SM 
Kildof 
14410 
11108 
12.(72 
4.4U 
( .U( 
1M4 
(407 
1 M ( 
1 8 U 

10.043 
10418 
l U O 

21411 
41(17 
27,028 

BlackaoiUi 

"ido 

uliii 

14400 

• • " i 

"io 
1(00 

141141 
I17.7U 

1930 
T.()0 

I17.U4 
)464I7 

Sar|0 

260 

•(oi 
334 

(42( 

( l ( 
3.089 

773 
411 

3)0 

iHi 
1.1(4 

IM 
44 

..8M 

27 

1.(80 

»164'0 
498 

ilfio 
11 

33) 

(9 
171 
•• 

128 

1.120 

48 

Perch 

221.188 
292,603 
303,420 
101481 
184481 

391199 
243.776 
359.683 
309,726 
172491 

301910 
26).891 
234.(74 
311,194 
367,97) 

223.093 
207432 
214411 
192.996 
341,924 

207480 
210.309 
161816 
131394 
(7477 

2(.n) 
(1018 

113418 
144.448 
317.4U 

1(2,430 
281182 
302.087 
13641( 
341364 

237431 
211357 
281.998 
118,499 
134,664 

187,681 
241699 
189.679 
2I2.8U 
184473 

118.248 
101114 
172.884 
l l l l IS 
187,730 

160481 
303413 
168.040 
140.928 

ToUl pound. 

221,186 
293,903 
203.420 
192.481 
181381 

293,199 
243,776 
391683 
301726 
271311 

201910 
262493 
387.078 
337.503 
304.737 

261057 
244448 
221166 
221220 
281,607 

251.742 
249.U9 
183,431 
141187 
M,643 

36,053 
68.084 

113,036 
I48.8M 
311870 

102,626 
2W.746 
301164 
137421 
2 U 4 U 

241171 
297493 
2M.600 
179,710 
177,776 

2M422 
2U,769 
198428 
221493 
168.607 

136,(-4 
171404 
189418 
3M4^) 
3^94IC 

1974U 
353.903 
3U4I0 
418,003 



NUMBER OF FISH BY SPECIES. ANGLER DAYS, ANGLERS. AND ANGLER HOURS REPORTED AND NUMBER OF MOBILE BOATS REPORTING 
CALIFORNIA PARTYBOAT FLEET, 1947-1969 

Speciea 

Albacore 
I l a r r a c u d * . C a l i f o r n i a . . 
Uaaa. g iant aca 
B a u . k e l p . a a n d 

Honi to , Pacific 
CabcKon 
Croaker , white 
Croaker , yclluwrni 
Dolrhinfiali 

KlatCab, mi icc l la t icoua . 
Hal ibut ,Cal i for n i l 

Mackr r rKjack 
MuckcrrI , IWific 

Marlin 
Ki i rkMi 
,Sal.lrf,j). 
, '^4ln)iiti 

.>i >tl|,ili 

,-. . 1 . . . . , - t i i ( f 

.Ml.IJ I...J.I, ( a t i l t i r i iu . . 
> t u H n , u 
1 UII4, KlitiTtii 
'111114. VclluMliii 

'10114. kii | t jark 
U'liitrfiiili.ocraii 
V r l l o » u i l , C a l l l o r n i a . . 
Al l« (hcra 

T o U l 

.Number an i l e r d a y a . . . 
NuniUT anclera 
.Number analer h o u r a . . . 
Number b o * U i U t e » i d e . 

1947 

11.444 
077,449 

100 
682.789 

t 
3 1 4 9 0 

9.884 
58,034 

19 

13,0^3 
10I ,4M 
22,011 

4,505 
• 48,011 

37 
191652 

0.199 
9,(118 

SCdCi 

•.'0,;21 
13.UUI 

1 1 9 4 
137 

098 
1 1 0 0 
6,948 

II .194 

2.071432 

399,438 
1 
t 

343 

1948 

1,5,4^4 
384,050 

439 
630.223 

1 
14419 
14,590 
80,825 

1 0 0 7 

10413 
I43.4C2 
24,404 
2.351 

203413 

58 
410.065 

1 9 4 0 
11.209 
92.491 

: 4 . o ; 8 
17,201 

t 
IOI 

18 

40O 
•4,124 
• 3.028 
21437 

1 1 1 0 4 1 9 

407,7(7 

1 
430 

1949 

32,692 
3U.421 

211 
79(,U9 

f 

( .172 
14.128 

121.091 
1 0 3 2 

21.168 
104,U9 
21131 
3.932 

05,158 

38 
570.0.17 

41 
23 .09 ; 
37,030 

64,944 
14,440 

1 
1.941 

0 
14474 
17.710 
13.879 

2 .3317(4 

4 4 ( 4 1 8 

1 
484 

K U 

118.017 
1M.307 

I 7 ( 
( 1 9 . 3 t 7 

t 

3,U9 
18,971 
n.nt 

999 
1 

39,437 
85.935 
21868 

597 
019C9 

119 
070.164 

90 
56.337 
51419 

5l. ; i8 
14,291 

t 
27 

6 

31 
14,935 
0.071 

11432 

2,IM.413 

941.364 
1 
1 

( 9 6 

IMI 

71921 
t W , ( 4 9 

261 
781,809 

1 
14,479 
11029 
43.945 

063 

48.998 
59.2M 
24.092 

202 
47.1U 

U 
721,808 

SKI 
71.970 
35.721 

41,367 
20,416 

7,142 
M 

132 
8,828 

23.721 
12.898 

2.3U,644 

(U.949 

U3 

1952 

187,207 
336,M2 

92 
538,075 

1 

7.649 
•1847 
77,948 

708 
3 

35.677 
34.158 
17.389 
4.395 

704CS 

57 
705.701 

87 
80.472 
39,068 

41,043 
18,481 

1 
145 
34 

38 
11003 
59,263 
23,044 

1308.133 

(W.087 
i 

593» 

1953 

2:i.3M 
170,540 

• 35 
711,399 

1 
1 3 2 1 
9.040 

47.604 
1.307 

64,872 
34.293 
13.011 

• 98,280 
4 •.447 

4 
6M.480 

0.487 
98.723 
28.942 

28,182 
17,349 

I 
4,374 

379 
4.963 

27.703 
16,442 

2,280.1M 

602,146 

999 

1994 

2(1,(198 
282.942 

102 
876.607 

1 
70,078 
11132 
06.904 

2,41 • 
12 

48,410 
69.074 
22.940 
19.407 

315.037 

9 
I,I49,.107 

30,724 
1194l^ 
31402 

41,588 
21,499 

900 

50 
9.952 

40.872 
22,U3 

3,374,U7 

U1190 

1 
012 

1955 

78,088 
154.062 

102 
497.343 

t 

22.409 
12.360 
27,319 

595 

30,130 
35.802 
2 1 1 1 3 
39,473 

151,018 

0 
1.737,707 

11902 
128,978 
2 8 4 1 3 

30,103 
14,102 

1 1 7 0 
1 

10 
9.608 

36.468 
14.800 

1113.883 

4 M . 2 U 

U O 

1940 

C9414 
87.003 

74 
470,362 

1 
61.404 
11199 
10.289 
1,099 

2 

234^3 
3^.60^ 
37,049 
23;493 

121.130 

:i2 
3,0.10,7(18 

1177 
114,9(19 
30,448 

19.749 
14.789 

3 
34.187 

78 

13 
1941 

31198 
19,349 

3,3e2,9U 

533.0U 

91i 

1957 

41,540 
577.184 

191 
009,071 

1 

298.955 
••,479 
8.048 

275 
2.805 

19.390 
io,;o9 
38,012 

0.878 
I91.0CU 

23 
1..199.191 

27 • 
44 , ; o l 
13.473 

10.030 
19.105 

1 4 2 8 
329 

6,453 
4,389 

343.eM 
11.808 

1490.585 

630.175 
1 

454' 

1958 

0,483 
782.723 

203 
051671 

t 

422,568 
0.909 

20,000 
99 

0.369 
16,192 
39.801 
27.807 

i:iC.C07 

84 
1.901.132 

:I0 
52.670 
• 3.743 

34,039 
18.120 

884 
13 

491 
1 1 4 3 

121384 
14.749 

3.990.880 

9 1 1 1 ( 3 

383 

1999 

39 
1.199.584 

184 
428.426 

t 
776.386 

9.329 
6.694 

132 
4 

7.794 
24.364 
31,200 
••.820 
88,042 

340 
•.177.979 

9 
U.945 
11,477 

10,593 
17.140 

2 
1,330 

i 

514 
6.408 

447,350 
H K l 

4,328.675 

U7,l(4 

J 

1960 

76,075 
7M.408 

228 
478.0M 
•30.8M 

1,199419 
2 4 1 0 
8,633 

275 

5.835 
48,310 
28.232 

8.537 
79.370 

9 
1,015.673 

39 
37.041 
m i l 

15,697 
11.541 

97 
2,124 

378 
8.840 

244.M9 
7.744 

4,090.034 

4I8.2U 
437,408 

2,711890,2 
402 

1961 

181,891 
391,884 

310 
613,604 
•43,347 

849.426 
2,639 

21.782 
324 

3 

9418 
108411 
23,468 
38,891 

113.088 

8 
898,641 

622 
42.904 
20472 

14.082 
14410 

2.268 
21 

11 
6.647 

42.367 
11334 

3.4U.e33 

4(4.804 
493416 

2.841.640.2 
384 

1963 

329414 
3U,507 

390 
789,149 
•39,M3 

798.731 
4,538 

37.254 
778 

8.958 
118.966 
24.399 
9.029 

110.738 

3 
941438 

1231 
87.613 
33414 

14.644 
I3,4U 

1 
3.4U 

3 

40 
1167 

21,828 
13.437 

3.6U.993 

1 
699.8U 

2,(03,001.6 
3U 

1(43 

168.373 
483.699 

598 
1411344 

•U.UI 

776.719 
9.726 

37.225 
462 
139 

8.004 
124.669 
27,413 
9.343 

141500 

37 
M3,049 

1.332 
72.447 
U,8M 

19.800 
18,443 

3 
737 
80 

1149 
6,331 

44.704 
31049 

4.278.(03 

(43,1U 
3.193.(87.7 

377 

IM4 

112.358 
303,070 

343 
1,103.394 

34.IU 

1,298,804 
1491 

23.269 
993 

4 

11.449 
III.4U 
24.203 
6,477 

IOI4IU 

48 
961R01 

4,723 
92,02 • 
73,844 

• 4.901 
26,822 

833 
693 
103 

3.MI 
6449 

31104 
31.403 

4.434.176 

1 
094.373 

3.47B.9C9.9 
373 

1964 

09.771 
411304 

480 
• 431313 

16.488 

800,333 
7.474 

21,448 
1,380 

341 

14.744 
118411 
33,240 
24419 

141.890 

44 
1417,430 

1601 
41.677 
71,888 

9.774 
4I,W1 

1.731 
93 

101 

1143 
134^0 
18,367 
(4,(76 

4.634,5U 

> 
088,103 

1480.217,5 
303 

1966 

74.680 
892.697 

518 
1.278.939 

41,869 

411,115 
1(1.291 
17.289 

1,019 
48 

20,238 
88.726 
44.074 
19.027 

•tia.WM 

40 
1.088,718 

21,093 
;(),I41 
09,841 

3,1)72 
4: .9e7 

1.874 
1,998 

241 

• 4 1 2 
14.587 
80.103 
57.003 

5,401420 

4 
897.(K)0 

4.ioi;ci.5 
407 

1907 

96,197 
470.480 

622 
I,(KI1911 

23,794 

319,992 
9,419 

20,590 
615 
198 

21.282 
C.1,982 
4.1.949 
10,2:10 

108,300 

81 
1,891.04; 

0,388 
91.010 
03,280 

3,:i85 
4.>,076 

2.298 
1^66 

11801 

1.630 
11181 
,11,3!)2 
93.748 

4,44l ,16l 

4 
780.102 

3,880,030,4 
397 

11168 

129,710 
372,248 

m 
l,3i;.!)03 

23.048 
1,102,9:10 

I.:il9 
10,!I(IC 

211 
929 

22,006 
9l.6n:i 
42,<(9 
l:l,5HS 
;s,'i:u 

(ill 

1102,1139 
i.im 

i2;.4i)i 
99.861 

4,138 
33,o;5 

1,63} 
1.2)1 
8,499 

4,230 
22,139 
.11019 

128.983 

9,;]1.201 

8I9.C3I 
l,294,9UI.C 

412 

1969 

I.S.H87 
398.318 

C3:i 
1.216,173 

20,091 

1,130441 
1,383 

112;i 
1,)31 

170 

23.483 
2;.6:ii 
,13,693 
II.J72 

i:u.O:lC 

00 
l,li;8,!lH^ 

-MI.H 
HI.IX!) 
ClUll 

• .096 
40.020 

1411 
i.i;u 

4,210 

9,908 
.lo.iri 
7!).-.'02 

341.671 
9,725,974 

l«(),!.l(ll 
4,O3l,U04.9 

400 

• Oce*n *nd San Franciico Uay catch (Sacraoicnt4HSao Joaquin OelU catchca not included unt i l 1904). 
I CaUh alatialica ou inu i i i ed elaewhere unt i l I960—See Chadwick. 1962. 
i Fishery closed 1917-1943. 
I Not arailable unt i l igco. M u i t beeatiuiatcd 1947-1999. 
f Thia aut is t ic diaconlinucd in I9C3. 

I 



s ^ 

Clam 
Frahvt te r 
Jackknife 

Undaa^fi 'H. . . . . 

Crab 
Sand 
Shore 

Mudsucker 

Musaela_ 

Perch. Shiner. 

Sculpin. Stachora.. 

Shrimp 
Bay 
Ghoat. 
Red 

Tot»l_ 

K U 

1SI.B7( 
73.040 

4.473 

9.M1 

105.118 

(.190 
4.0M 

44(4 

3U.900 

INSHORE BAIT UNDIN6S IN POUNDS 

1964 

) 1 4 4 U 
72400 
4.3U 

5.130 

7.3M 

(7,837 

U l 

4'.69i 
9,44« 

(45 

3T»4n 

IMS 

44)448 
W.97) 
I0.7U 

7(4 

8,795 

91.384 

69,403 

(11 

6.6U 
4478 
4,M7 

11 

704.0(7 

K U 

U4.9a3 
62.302 
14.7N 

1.03S 

8.394 
24 

174 

102.644 

40 

3,M1 

H l K 
7.780 
1 3 H 

7M.711 

1947 

500.0U 
U.148 
24.110 
).90S 

8.303 
38 

4.741 

U.llO 

« 
I . IU 

374H 
34(4 
1441 

733.U1 

K U 

40e.gM 
i i i S i 
34.00* 

771 

7.738 
» 

283 

(1.47) 

188 

l.S2t 

47.301 
7.748 
l l l l 

M8.»l« 

KM 

( 7 U U 
87.164 
13 993 

517 

4,0K 
5 

447e 

ioi.((a 

•1 

i4n 

(1.040 
i jm 
4 4 U 

•174(4 
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KELP HARVEST IN TONS YEARLY COMMERCAL LANDINGS IN POUNDS 
Crustaceans 

TattlTooe 
Bay 

Sbrijnp 

Duajcaea 

C n b 

K l 

1970 

1*71 

1972 

197) 

1(74 

1911 

1974 

• 971 

• 971 

• 979 

• 980 

I M I 
IM) 
IM) 
1984 

1984 

IM4 
IM7 

K H 
198* 

1990 

• M l 

1970 

1971 

Kn 
191) 

K M 

1971 

1974 

1977 

197» 

• 979 

• 980 

• 98^ 

1M2 
I M ) 
1984 

I M I 
I9«4 

IM7 
I9tt 
I9*« 

K90 
1991 

127,0)9 

l U . M * 
K l l l l 
IU,OM 
170.111 

171,497 
IM.)7I 
l )0 ,»7 
169.0)9 
• 7 .̂03O 

• 47,6M 
73,064 
M,40) 
1,)7I 

44,479 

•1100 
96.U3 
91244 
90.41) 

1)1740 

1)1.4)9 
I37.J01 

Shriaip 
Hoi* 
Crab 

(Ipidai) 
Crab 

Spiny 
Lohur 

Spot 

1970 

1971 

1972 

197) 

1974 

1971 

• 974 

• 977 

• 97) 

• 979 

• 980 

• 98^ 

1983 

198) 

1984 

•98) 

•984 

• 987 

KU 
1989 

1990 

1991 

41761 11411)89 4,047.489 
41731 9.441344 10«O.M) 
71067 1.941004 3,a9,970 
62.10i 1.033.87) 1,239,976 
79.797 4*1000 13«7,M« 

99,70« 19}4,44) 4.n8.)49 
911(9 11726.774 ).)00.7U 
82,797 )1647.84) •ISI^.MS 
• •,714 9.361.H1 •1H1)79 
93.3^) •1978,909 1^817a) 

127.948 •19)4,771 18612^4 
• 7(,)4) •0,4)4,441 4,144.494 
311.697 1971479 4.941806 
• a . ^ l l 1)0I.82( 1.1)1742 
142.012 i.UO.OU 1.631.993 

I31)7* 6.310,371 1)81.117 
101)04 7.748.377 6.7118K 
I09,au 4 ,U7, I I I •.011.)90 
1)19)1 11.291)00 I1.1M,3M 
13149* 1711141 I I U I . I K 

D l . M ) 11)41719 1700.916 

140.72) 4,244.029 l l )44.7*2 

4,01) 

3t,433 
11)0 
2.973 

41714 
)94.7^4 

2(1.441 
• 914)7 
129.402 
141779 
)89,9M 

•W.814 
470.57) 
341.87) 
1414(4 
I t i . i t l 

90.842 
I3(.7)2 

J)9,)7» 
442.7)) 
•413)0 
9)17H 
•44.0)3 

l.20^.447 
1.337.744 
I.OU.OI) 

944.«74 
9)).390 

l.a().9)7 
• .)79.327 
1.271872 
1.)97,I09 
1.674.398 

I.7M.8)) 
109140* 
l.Ml.tM 
l.))7.9)4 
l.)03.U7 

I.K4.1)) 
l.)»4.010 

1.0)2 

43 

1.919 
14.403 

9,849 
11914 
14.494 
4110* 
)4.)3( 

41.777 
14.*7( 
99.944 

101409 
10.0*4 

9),44l 
99.349 

221)99 
234,484 
391217 
2)1179 
IfO.tiO 

201.412 
292.3)4 
251.968 
440,(84 
419.939 

416.349 
47(.(4) 
434.710 
4210*7 
444.998 

447.848 
4*8.(04 
441771 
410.(49 
741)71 

70].)4I 
M l 240 

33.249 
11.77) 
21970 
14, M4 

211147 

17). 498 
1110*9 
4).8M 
47.447 
(1778 

211824 
)70,434 
102.268 
109.094 
40.444 

41941 
•01 a 4 
88.4)4 

• 64.670 
• 81(71 

] 17.44) 
)11.4)1 

^ 
^ 
§ 
s 

I 
OO 
U l 



TJ 
m 
z 
g 
X 

YEARLY COMMERCAL LANDINGS IN POUNOS 
Mollusks 

YEARLY COMMERCAL LANDINGS IN POUNDS 
Eciiinoderms 

ro 
i n o 

1970 

1971 

1972 

1(7) 

1974 

1974 

1974 

1977 

K7( 

1979 

1980 

IM^ 
• 9(2 
• 98) 
• 9(4 

I M l 
• 9(4 

IM7 

I9 t t 

IM9 

K90 
19*1 

I.0I4.(92 

• .••1949 

I.I44.)M 

4(7.431 
344. I l l 
44).)0I 
419.974 
))0,93l 

41144* 

420.94* 

6)).]07 

4*4.)I0 

4)4.294 

sM.ns 
247,442 

)0».737 

201,404 

2114*9 

* l , ) 7 9 

24.224 

424.(21 

l M . t M 
131.14) 

170.911 
120.4*9 
•1447 
9),04) 
6I,)37 

• I K I 
4).940 
n , 4 4 ) 
44,4«l 

)I ,9I0 

2).»)3 

24.7)0 

2*.9*1 

2).4N 

1112) 

210*« 

1144 

I k k 
LhaloM 

40), TO* 
)7I,)52 
441)24 

4M,2)9 
4)1,14) 
)I1494 
3 (1 ) ) ) 
IM . ) ( ) 

l)(.906 
94,137 
•4.17( 
47,142 
17,0)0 

U.42) 
) l , ( )0 
) l ,4)» 
K,OQ) 
21449 

2),22* 
11710 

IU4 
Abalon 

1.104,442 
44).9I9 
751,040 

741769 
7)1421 
4)7.440 
4(1147 
4)(.449 

9117)1 
4)0.)1) 
4) l .3() 
211.310 
299.749 

1417(2 
24),)02 
)91,27( 
)34.4)) 
449.407 

)79.I4) 
)3*.44« 

WbiU 
AbaloM 

14)419 

(111) 
111744 

71.(21 
(1,907 
1140) 
) . 4 a 

402 

1,074 
147 
90* 
4(2 
449 

1.4)4 
(14 

2 
2 

22 

17 
4 

Tcul 
AbaloMi 

1900.(1) 
1944.) l( 
).09).444 
1 I9 ) . I )0 
3.491040 

l tM .440 
1.7)1(19 
1.434.14) 
1.2910)) 

991499 

l.21(.9« 
1.109,441 
1,240,479 

(40.112 
(24.672 

74107D 
414.0)7 
74),044 
34(,(34 
7)0,(90 

331,071 
)71M0 

Markal 
Squid 

34,990.(44 
)l.41140( 

30.1)9,)13 
11061,6)2 
2(.904,47( 

2).42I.M4 

2O.)O4.0O) 
3*. 24).779 
)17*(.42( 
4).401442 

)1*I7.444 
4l.(39.71( 
)4,94).244 
4.020, )4) 
l.24),4M 

21441441 
44.9a*.432 
44.044.904 
(10*0.4*4 
•0.1)1440 

41714.4)7 
•1426.940 

OdofNia 

1924 
I.S04 

11483 
i i . U * 
S2.su 

33.2)) 
81.418 
)4.4M 
)«,»90 

101147 

129.804 
84,741 
U,9I7 
)4,81) 
11)31 

113*0 
11447 
11448 
31)7« 
)0,)M 

)1I42 
)178) 

Pacinc 

Oyaar i 

1.111484 

978,(24 

• •4 .001 

736.674 

799,742 

799.18) 

711 )44 

939.444 

1.021137 

1.144,42) 

9)9,444 

1,04^.9() 

9tt.3t» 
• ,041074 
• ,24).4(0 

I.209.09) 
1.1)0.340 
l . l ) ( .2}7 
1.172.024 
1.4)17(1 

l . ) ]194l 
1.440.274 

Soa 
SnaU 

49) 
4.409 

4,7(2 

1),724 

I t . t i t 
21,037 

31(72 
)0.044 
)4,7I4 
11944 

U.IOO 
111)9 
39.724 
29.11) 
21047 

24.7U 
24. (4( 

lUdSaa 
Uictin 

200 
74.497 

).494,49) 
7.107.(1) 

1441144 
11.104.434 
I4.4)6,29) 
14.431)47 
30.3M.940 

3114110* 
26,4)19(4 
11441,1)1 
11744,472 
14.974.(49 

11991 K l 
K1)4.024 
44.061.44) 
41.M1994 
1I.1U.)02 

4].2«9.44« 
41,9)4.130 

Sa 
Cucumber 

..... 

(.7(0 
49.411 

33.060 

I39.a7 
14].494 
)2.)44 

, 
T7.947 

I07,47« 
141104 
140,011 

1412(4 
M1.974 

Prlof to 1973 Ahaioaa hLadlao ••i«a((l«(a<ad. 
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YEARLY COMMERCAL LANDINGS IN POUNDS 
Fish 

ro 

Afiebovy 

AaAovy 
foe 

Uoaa l i lodto 
WM« 

Croako 
ArroMoolb 

Flouodar 
Starry 

Flounder 1 
OdiToeak 

FlyinfTMls Cicnadiera HagfiA Hetriai Liotood 

1970 

1971 

K72 

197) 

1974 

1974 

1976 

• 977 

I97« 

1919 

IMU 

IMI 

IM3 
• M) 
IM4 

• 9*4 
19(4 

• M7 

•oa 
19(9 

1990 

IWI 

1914(4.014 

(•,7Q).0M 

l ) ( .20l . )7) 

26).27I.(7I 

1414D.4*0 

)I103I.433 
341«)*.707 

332.94),))4 

24,2M.914 

I07.)94.K1 

( 4 . 4 7 1 7 « 
111)1147* 

92.93).977 

9.7)1200 

4,)4*.420 

).)*4.444 

).)(4.779 
).04).4*4 

).14*.044 

1)9*.(2« 

7.07).II6 

( . (4( . (0) 

loK.oao 
11.470.000 

11)4.000 

9.494.000 

11444.000 

(,43(.aao 
(.440.000 

(.9)0.000 

ISOO.OOO 
1944,000 

lMo.aao 
1340.000 

10.134,000 

11472.000 

11730.000 

24.4n 

I l l M 

11*1) 

1140) 

14.4M 

H.MT 

1410(1 
T7.ll* 

a . 4 ) 7 

)7.)27 

44.44) 
47.494 

7).)94 

21,244 

2*,440 

U.024 
44.14) 

1112)* 
l)*.047 

l)) ,16) 

1419)1 

)4I,644 

1191)04 

20,2U.**4 

21)11427 

)0,7117)1 

1111116* 

)I , I7) .4M 

1«M.^49 

t l .Ml.tOS 

7.M2.)M 

).940.07l 

14,241114 

16.419.04^ 

4.061417 

1^44.KI 

1179.490 

4.049.244 
4)2.171 

11.140.0)1 

• . M l 920 

1404.747 

1477.944 

442.040 

I14M 
4 . )K 

1«)) 
1 ) 4 4 

U.90I 

1 ) ) 2 

11144 

111)0 

n.-ni 
40,337 

40.144 

43,440 
41314 

30.414 

14.741 

22.404 

14.000 

1414 

11744 

21.012 

24.9*4 

1129) 

)44.17l 

) )4 . )*) 

)7).4I0 

227,0M 

) I4 , ) I1 

)17.7») 

491MI 

S—.iil 
4213M 

711)19 

1.064,^41 

971.7)4 

l , ) ) l .8ai 

71114) 

I . 49 l , a7 

1.4)11)2 

1.241)17 

9I2.M) 
1.1)174) 

1.027.804 

7T4.449 
• 9 1 4 ) ] 

1120 

1441 

I4).»47 

2)4.244 

211)10 

70,714 

K).23( 
222. )00 

206.40) 

31*. 20] 

121*20 

•04.440 
104.414 

44.404 

71,409 

»).2»7 

41.442 

•00.1*2 
7*.**7 

4144) 

11144* 
)44.0M 

1441 

• 04.044 
444.7)) 

)*).797 

271 ••O 
2^1974 

3^14a2 

• )).944 

*1)97 

•02.9)* 

I t . t i l 
160,244 

I2*,U» 

I40.MI 

72,726 

91.244 

M,176 

•4,000 

• •17^4 

41,9)1 

41.))) 

44. ) U 
141344 

M.I*) 
1 1 » 0 

411*) 

411)2 
I7*.42« 

1010)3 

I07,)4* 

* ) .H* 

77.4)* 

44,02) 

70.(40 

72.001 

91714 
9104) 

103.)2) 

71.142 

79, TM 

I01,(4( 
72.4)) 

9 ( . ) ( ) 

I69.)70 

(144) 

l ) ) .9 ) ) 

l)4.MI 

121104 
2*1779 

100.423 

I 7 1 M ) 

1)4.390 

490.444 
1441)40 

4,(94.47) 

yo.za 

i.ns 
)4.4(4 

11)2) 
M.I 7) 

) 1 2 I 0 

M.]a* 

3I.)2I 

U . l l ) 
747.70* 

l,()4,3*4 

l . )21M2 
1.441274 

1211.1)) 
1I40.V04 

1141*12 

4.404.72* 
1)74 . (4) 

19)9.940 

14.401 . ( U 
I4,0((,904 

I1 I44 .UI 

I1IM.944 

2)7,444 

))4.(7I 

)0*.24) 

37). 434 

)04,41* 

)0*.»l) 

•2*. 400 

441M1 
441,440 

444,44* 

724.*)2 

1.2*124) 
I.2I4.)7) 

l . l )0 ,MI 

I.I07.))2 

l.2J4.)7) 

1.1(4.0*0 
I . I M . n i 

I .II4.)4* 

1.2111*1 

»24.4a 

1,041.1*7 

) l ) .*4( 
340.*)4 

121.44* 

1 I I 1 4 4 7 

],240,274 

14)),*74 

1*114*1 

11.4412*0 
1*40,11* 

1)*) ,4** 

11771.444 

11141)0) 
2).)71.74» 

114*0.401 
(.4*1074 

11402.30* 

I I M I O M 

11441.14* 

K.040.724 

20.4*4.00* 

1 1 ) 9 1 4 ) ) 

I1IM.40* 

l . ) ) l . )9* 

1091*4* 

1244. IM 

).))*.42l 

).*24.I07 

1190.19) 

1120.330 
1.694.3)9 

1011440 

1141.130 

1*11797 

1*)9.8)3 

3.0)4.93) 
1.974.790 

1091429 

l . ] ) l . )4« 

1.141820 

l.*4*,47* 

i,*u,7ao 
1790.*)) 

1)41*41 

l.7)).*)4 

1100* 

11.474 

10417 

1194 

14.10) 

1147 

41744,409 

) 9 , U 1 M 4 

41.11147) 

20.611837 

24.447.)*) 

)*.77».2)1 

44.(»10*1 

I00.)24.000 

U.*I1000 

)4,400,00a 

44,(44.000 

)1,)44.000 

4(. 230.000 

40.444.000 

3),))4.000 

30.4)4.000 

34.411000 

24.1IO.0QO 

22.7M.OOO 

4),440.a00 

11*20.000 

) . 7)4.000 

111 
z o 

I 
?5 

Auroplad uatfac imspociAad flouodon laaU IM2. 
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http://tl.Ml.tOS


fTI 
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S YEARLY COMMERCAL LANDINGS IN POUNDS 

Fish 

I O 
U l 
ro 

1*70 

1*71 

1*72 

1*71 

1*74 

1*7) 

1974 

1977 

I 9 7 ( 

1979 

19(0 

19(1 

19(2 

19(1 

1(84 

1914 

• 9(4 

• 987 

1 9 U 

19(9 

19*0 

• M l 

Pacinc 

Mack«n l 

4 2 l , * l * 

141 (47 

i a * , 071 

I 4 . 1 4 * 

1 )1444 

2 * 1 1 2 1 

) S ) . 7 2 * 

l l . * ) 0 . 0 0 0 

2) .0*0.000 

40.»41000 

4) .2*0.00a 

14.(24.000 

42.440.000 

71,744.000 

* i ,04ioao 

76.)00.000 

>l .004,000 

•1 ,7(0 .000 

»4,)74.000 

7».*4O.O0O 

( 1 2 7 ( . 0 0 0 

M.2M.oao 

Opdl 

1 4 » 

2.989 

69.)47 

179.914 

914,134 

) 9 4 , ( 7 ) 

21176* 

9 1 4 9 ) 

4 7 . ( M 

111944 

I0) .404 

( l . 4 1 ( 

BlackiiU 

RocMlah* 

• • 1 . 

2(4 .4 ) ) 

4 4 1 7 l ( 

44174 ( 

) 7 1 2 1 ) 

411447 

41170) 

Bocaodo/ 

ChiUpaivef 

BocU iah l 

,̂  

1 9 ) 1 ( ) 7 

l o . i i s .ns 
7. ( )^ , )47 

• 1404, (64 

184^.642 

1 I M . 6 ) 4 

1299. )17 

1744.491 

1039.31) 

4.02),944 

4.110.004 

) .84 ) .4 ) * 

1 1 2 2 . * ) * 

Wido> 

KocUish 1 

4 . M 1 * 4 4 

22.442. )* ) 

1 4 ) 4 . 4 I * 

) . *2( .434 

4.414.(37 

1344.491 

4 . U 4 . 4 4 ( 

) . 7 ) * . 74 l 

1 4 ) ( . 0 4 ) 

4 . I 7 7 . ) I 0 

l ) ) 4 . 7 ( l 

Total 

Rockflah 

I 0 . 6 M . ( 4 4 

I I . I M . 7 4 6 

11421.242 

22.041444 

2 I . 4 M . * ( 4 

2 ) . 4 2 4 . l ) 0 

24 .4Q) . l7* 

2O.*0O.)O4 

20.4IO.)44 

2 * . 4 U . ) 1 * 

)4 .144.(01 

40.094.)4I 

) ) . 7 1 ) . 4 ) 6 

4 0 , ) ) 1 7 1 2 

)4.)OO.I48 

) 2 . ( M . 4 2 4 

) l . 2 0 9 . ) * 0 

] 0 . 1 4 1 8 ) 4 

2 4 . ) 4 4 . ) ) ) 

28.4*0.9)1 

)0 .42* .0 )« 

2 4 . l ) 0 . ( ) 9 

SabMiah 

4,42».077 

4,424.44) 

1 ) » 1 7 I 4 

(.440.071 

12.0M.342 

I 4 . l ) l , » 4 4 

11)11.241 

1 1 ) 1 1 * 7 ) 

11711724 

u.sn.too 

lo.ju.no 
14.7314(1 

20.9M.29) 

14,411)92 

1 1 4 ) 1 ) 2 ^ 

• • , ) 017»4 

• ) ,4*4 . * )4 

9,MS.tOl 

* , 140,444 

1 7 1 1 4 1 0 

1 0 « 2 . ^ * * 

1 )00 .441 

c»i«.nn. 

a U ) 

1411.422 

1 1 1 1 I 7 I 

1 4 2 3 , 2 * * 

9.44*.9«4 

1749.414 

4 ,»2) .0(2 

1 7 U . 2 U 

4 .»2* .4 ) ) 

4.*10,*«0 

1744.771 

1033.229 

4.044.144 

lOO^ .SM 

2 .4^4 ,U ) 

2,9I3.444 

4,444,404 

1404.144 

9 . )02 . )9* 

• 4,740,402 

4 . ( 1 1 3 7 ) 

4.4)9,404 

1 7 0 1 , o n 

Su«ld>b« 

471.404 

7(4.401 

930,(22 

904.001 

971274 

1.0114)7 

1.291(72 

(09 .41 ) 

7 4 1 2 0 * 

1.3217)9 

1.3(0.474 

9 4 1 • 4 ) 

• , 0 ) 1 4 1 4 

4 4 1 0 9 

44] .06( 

97^,4^7 

M^.2«7 

• ,^79,UO 

1,144,144 

1,401,1*7 

1 .4)1*41 

1 .2 )10(4 

Sardine 

4 4 1 ) 1 * 

2 * 7 , * M 

) 7 1 2 ) 0 

1)1 .4** 

14,040 

1 ) 0 0 

11190 

1 4 7 4 

1.910 

31373 

44,8)9 

11444 

4.010 

l , )84 

2,4*8 

11874 

844,444 

968,776 

3.419.999 

1.•44,420 

) . 4M.9« ) 

11721141 

Sardine 

for 

Live Bail 

24,000 

• 1 0 0 0 

84,000 

436,000 

• 11000 

34.000 

11000 

474.000 

• 10.000 

231000 

I.IM.OOO 

400,000 

SooipioaTiah 

I44 ,M1 

1)1,144 

1)1014 

IM .440 

I 4 1 . U ) 

1714)2 

I 7 ) . 4 7 ) 

1117 )4 

71.209 

)2 .74) 

1 1 1 6* 

44.2*4 

41244 

) l , 7 1 * 

24.9*4 

M , y » 

• 1 4 4 4 

2 I . * 2 ) 

2 * . *4 * 

17,4)* 

1 4 0 7 

1.4)2 

Giam 

Seabaaa 

I2 * .44 l 

I I 1 2 M 

9 1 ) 1 ) 

* 0 . » ) 1 

• 0 . 4 ) * 

sf.ni 
) 4 . I 2 * 

4 * . ) 4 ) 

M.227 

40.*42 

} * ,421 

)7 , *01 

4 . * M 

1740 

11.11* 

l l . M I * 

1 1 * ) ) 

1 1 0 ) 7 

• 1 ) ) 7 

1 7 4 0 

1 2 4 * 

11.741 

W h i u 

S.b*a> 

1.101.44) 

•2 ) . *«4 

m. iu 
• 0 * . * 0 ) 

7 ) 1 4 M 

1.1*1410 

l . 0 ) * . * 7 ) 

I . I M . 6 4 4 

1.140.7)) 

l ,20).644 

*«1412 

774,0)) 

70,7*) 

T7.*64 

1 1 1 0 * * 

l i S . i t O 

104.671 

1114*0 

1 0 1 4 1 * 

• 14.02) 

• ) ) . 4 * 2 

• 4 ) . * 0 ) 

Pacific 

A n i d 
Slark 

M t 

( 1 ) * ) 

12«.2*) 

• •3.04^ 
3 4 * 4 4 0 

) l i . 9 6 0 

M O . m 

* ) ) , 3 7 ) 

• ,34*. 4*7 

• ,341,1)0 

940.147 

491,34* 

2 U , 2 ) 3 

iSO.tSO 

l « l . 7 6 4 

Blue 

Shark 

• 9 1 1 ) 0 

201074 

37,S]8 

• 1 9 8 } 

1,864 

1 ) 8 4 

1 1 1 6 

),410 

1147 

1 1 ) 2 1 

4).674 

1,300 

Cooanoa 

Tbmher 

I2«.)23 

102.07) 

7)3,74) 

1.(04.007 

1.974.0)7 

1 ) 9 1 1 7 ^ 

1,721646 

1,6)1104 

1.940.799 

604.494 

434, • 04 

3M,7^ I 

449,984 

441,604 

7)8,264 

J ^ . 

CO 

oo 
oo 

A u n p » t i aa taeUltb ptioc lo 19*4. 
I 
Aggngaaad a* lOBhriah prior to 1*79. 
I 
A((ra(al*d aa rockflakpriei 10 I M l . 



• 

'̂ 0t^J,:' 

YEARLY COMMERCAL LANDINGS IN POUNDS 
Flsh 

ro 

1970 
1971 

Kn 
1*7) 

K74 

1*7) 

1*74 

1*77 

1*7* 

1*7* 

1940 

IMI 

IM3 

IM) 
19*4 

IM) 

I9U 

IM7 

1988 

19(9 

19*0 

• **• 

iMpard 
Stark 

74,741 

41)71 
41.7)7 

S0.4S* 

41.2*) 
47,742 

Mako 
(terk 

11*11 

)4.))4 

iss.nt 
277.)4) 

M l * ) * 
))0.240 

341*)1 

22«.4*) 
47).M4 

412.020 

4t*.2l7 

)U.)22 

)77.l2t 
)23,0*7 

toaiAa 
S h i t 

1*11*4 

174.070 

37143* 

l * l ) ) 4 
264.*)* 

240.404 

171770 

21(.44l 

277.740 

21137* 

101.4** 

140.444 

141)24 

124.72* 
104.010 

Uaq»cilia4 
aafk 1 

421)1* 

42 l . ) ) l 

400.7** 

4I(.4»4 

4*1)4* 

4)1*)4 

M l 204 

I.070.U) 
I . l t4 .4l l 

1.1)1227 

l.42).4)) 

909.)M 
44»,024 

4)1410 

)U,2) I 

271*)l 

201,201 

I 6 1 U 7 

44,2)4 

22.77) 

l l l l l 
11704 

140) 

t.*S4 

10*4 

i o n 
i n i 

10)1 

1 ) 2 ) 

1409 
11.144 

l i l * 

1104 

I2.*10 

11.776 

11434 

24.0M 

2*. 400 

2*, 242 

241711 
2*,)44 

) 1 0 ) » 

12), 426 
•*l,774 

Tofaaiall 
Silvantdaa 

11.244 

417*4 

1 6 M 

60.12^ 

) ) .4*) 

14.4*) 

U.770 
(7.*44 

4*.Ul 

* ,St i 

4.*03 

l . l l ) 

D M 
17)1 

).490 

4,7(4 

Skalea 

I02.M2 

41.2)) 

111)44 

1 )14 ) ) 

U . I U 

1)1291 

141.1)7 

141.424 

274,047 

)09.)2I 

l ) 1 2 l « 
4)^.420 

2*1(0* 

1*4.490 

11129) 

I9).()7 

1)0.12) 

161712 
121*61 

174.449 

144,744 

111333 

Smell, all 

) l l . )64 

49) . l ) ) 

70).*4* 

l . ) 0 1 l ( 0 

7U.(44 

4 « . ) 2 ) 

4214^4 

§ n , i M 

)«.)•) 
444.(4) 

440.4)7 

424.404 

4 n . l M 

)^1724 

4(2,44) 

• .071)^) 

4)17^6 

93*.79( 
M7,27^ 

741^47 

900,427 

• .}41^44 

D o w 
Sol* 

I1I40.SM 

U.2M.7I9 

22,0*1.691 

22.4ts.ns 
K.M14*) 

22.4U,420 

33.744,II3 

2I.*2).I4I 

20.770.014 

2),)*4.091 

11044.934 

20.4^12*) 

210*1490 
11911(90 

21.441443 

3*.4»9.)9) 
24.)4).4I* 

2 i n ) , 6 4 ( 

11071,140 

I7,027,)2a 

11*)) . 1)3 
n .02l .21t 

Ea(UA 
Sob 

1 2 ( 1 ) ^ 4 

3.*44.0I) 

3.0O^.94) 

).209.7)) 

1 (11499 

4,)I4,242 
4.2(2,9M 

).40),04T 

1974,7(2 

1004,960 

4.)7),)34 

).77),262 
1221.471 

1407,4)4 
2.0*).*44 

1)41.*42 
2 . ) (1M* 
2.*I17M 

1) ) I , )S0 

1)21.4M 

i , M i a 4 a 

1.7(1777 

Pairala 
Sob 

141170* 

1704.)*4 

1 )71244 

1*74,«(* 

1 4 ) 0 , 4 0 

1241»M 

1*77, ) )7 

1200.71) 

2.4)4.044 

1041410 

2.SSO.S2S 
1.711044 

1,741.m 

1.3(13*7 

I.)0I.*I2 

l .*H,)*4 

1.600,400 

l . ( l ) . ( M 

1.7)1*40 

I . U 1 I 6 ) 

1,4*14*0 

I .4I12II 

lea 
Sol* 

1.141.47* 

l.447.*7) 

I.MI.4I0 

l.)*4.D4 

I.MI.7)7 

1.444,421 

10I2.430 

I.IM.OO* 

1.3)1)47 

1.914.*0) 

l.*«9.60( 

l . n i 7 4 4 

1.444,411 

1.411742 

1.341974 

1.979.244 

I.(44.I7« 

1411777 

• .•44.)24 

1.4)1.6*4 

l.32<.«*l 
l.Stt.SS* 

Saad 
Sole 

1*12*1 

2*1417 

M l 1)2 

240.242 

2M.H* 

1(1.447 

24*.4*7 

24). 74) 

241)11 

•70.444 

)M.7*I 

4)*,*4) 

) 3 1 * ) ) 

3)*.(4* 
141(24 

3*).474 

)44.)44 

))4.24* 
241«(0 

244, OM 

201))» 

144.704 

Uavedllad 
Sol* 

K.7)l 

11494 

)0.0)7 

24.)M 

)14*4 

41022 
4) .4H 

41.212 
4 9 . 0 ) 

20.0)* 

M.MO 

) i»n 
4 1 U 2 

)) .*)0 

I44,*0 

141411 

I4).4*l 

n.tst 
)4.)20 

44.))7 

27,2(2 

S t . l t l 

Total 
Surfperch 

241,40* 

1(4.9M 

2 n . * l ) 

1)4.000 

I4*,0*« 

1117)7 

142.0)7 

1112)) 
171064 

301.140 

162,*)) 
1*147) 
)41704 

2I1,)44 
1*1130 

123,071 

I24,M) 
1417)1 

1012*4 

IK.OIO 

1)1744 

104,T7( 

SMtdTub 

•44.744 

144.41* 

244.M3 

4I).)44 

t*9.S02 

ttS.SM 

•) .42) 

411 . ) a 

1404.2)) 

)M.)3* 

I . K 1 U 7 
1.141**7 

1.4*1.141 
1471318 
4,]9),37( 

1^M,6(3 

18419)2 

na^.oi) 
1484.428 

IMI .377 

1.871.4)4 
1.444.944 

12)4.741 

3.929,147 

4.09).940 

1)98, }8( 

).876,484 

4,447.*»l 

1 7 ) 1 • • ) 
4.470,270 

6,4(1647 

6,494,460 

19M,^(7 

9,946,776 

• 1.(44.47 

• •,U4.7I4 
4,)11I69 

OO 

All dark landiata aurofaled umil 1977. 
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YEARLY COMMERCAL LANDINGS IN POUNDS 
Fish 

TOTAL YEARLY COMMERCIAL LANDINGS 
AND SHIPMENTS IN POUNDS 

ro 
Ul 

1*70 

1*71 

Kn 
K7) 

K74 

197) 

1974 

1977 

1971 

l»7» 

IMO 

1*(1 

19(2 

19() 

19(4 

I 9 0 

K M 
IM7 

19U 

IM9 

19*0 

19*1 

Albaooa* 
Tum 

2».*)l.7l4 

M . I I 1 7 M 

21.001.214 

l«40.e)i 
ii.eM.i)o 

I14I1T7( 

21.1S9.il* 

11(04.(40 

2I.)4*.43« 

1 4 4 1 0 M 

ll ,*91740 

20,M4.)2I 

*.4)4.9M 
11441410 
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NUMBER OF FISH BY SPECIES, NUMBER OF ANGLERS, CATCH PER ANGLER, AND THE NUMBER OF 
COMMERCIAL PASSENGER-CARRYING FISHING VESSELS (CPFV) REPORTINO. 1970-1990. 
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Skipjack "nma 140 
Slender Sde 105 
Smdt 75 
SmooOi Chione Clam 26 
Sockeye Salmon 60 
Sole 97,99.100,102,105 . 
Spedded Sanddab 104 
Spider Crab 21 
Spiny Lobster 22 
Spot Prawn 10 
Spotfin Croaker 168 
Spotfin Surfperch 172 
Spotted Sand Bass 151 
Spotted Tuibot 105 
Squid 36 
Starry Flounder 103 
SteeUiead 67,189 
Stdler Sea Lion 208 
Striped Bass 72 
StripedMarlin 146 
Striped Seaperch 174 
Sturgeon 70 

Sunfish 202 
Suif Smelt 75 
Sui^rches 171 
Swordfish 148 
Thin-sheUed Littleneck Clam 26 
Thomyheads 132 
Threaded Abalone 35 
ThresherSharie 49 
Topsmelt 78 
Treefish 130 
Tuleperch 171 
Tuna 136 
Tuibot 105 
\feimilion Rockfish 123 
Wagasaki Smelt 75 
WdleyeSui^ierch 175 
Waity Sea Cucumber 44 
>^^shingtoa Qam 32 
Wniy Chicme Clam 26 
Whales 211 
Whdk 193 
White Abakine 34 
White Croaker 170 
White Sea Urchin 42 
White Seabass 165 
White Seaperch 171 
White Sharic 55 
White Sturgeon 70 
Whitebait Smeh 75 
Whitefish 201 
Whiting 109 
\Mdow Rockfish 125 
YeUow Rode CrA 18 
YeUowfin Croaker 168 
YeUowfin Tuna 140 
YeUowtail 155 
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